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CONTENT OF VARIOUS FORMS
OF NITROGEN AND ABSORPTION
OF THIS ELEMENT BY COCKSFOOT
GRASS, DEPENDING
ON METEOROLOGICAL CONDITIONS

Wieslaw Bednarek!, Hanna Bednarek?,
Stawomir Dresler!

IDepartment of Agricultural and Environmental Chemistry
2Department of Agrometeorology
University of Life Sciences in Lublin

Abstract

The dependence of the content of various forms of nitrogen and absorption of N by
cocksfoot grass on meteorological conditions was established in a field experiment. Corre-
lations between the content of total nitrogen, protein nitrogen, N-NH, and N-NOj in
sward and roots of cocksfoot grass and some meteorological elements, i.e. maximum tem-
perature, minimum temperature, average daily temperature measured at 5 and 200 cm,
air relative humidity, cloud cover, sum of precipitation, sum of evaporation and soil tempe-
rature measured at a depth of 2, 5, 10, 20 cm were analyzed. Correlation coefficients be-
tween the forms of nitrogen in the plant and the above meteorological elements were
calculated, as well as multiple regression equations, multiple correlation coefficients and
determination coefficients.

No significant relationship between the forms of N (N, Nprotein’ N-NH,, N-NOy)
in sward and roots of cocksfoot grass and the course of meteorological conditions was cle-
arly stated. The relationship between the content of N-NH, in sward and N, and
N-NOg in roots, and certain meteorological elements is relatively small and can be charac-
terized by the value of determination coefficients, i.e. 0.166, 0.106 and 0.151, respectively.
According to the statistical analysis, the absorption of nitrogen by cocksfoot grass depends
to a relatively small though significant extent (R2=0.249) on certain meteorological ele-
ments. However, further research is still recommended.

Key words: nitrogen forms, N uptake, cocksfoot grass, meteorological conditions.

prof. Wiestaw Bednarek, PhD, Department of Agricultural and Environmental Chemistry,
University of Life Sciences in Lublin, Akademicka 15, 20-950 Lublin, Poland, e-mail: wie-
slaw.bednarek@up.lublin.pl
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ZAWARTOSC ROZNYCH FORM AZOTU ORAZ POBRANIE TEGO SKLADNIKA
PRZEZ KUPKOWKE POSPOLITA W ZALEZNOSCI OD PRZEBIEGU WARUNKOW
METEOROLOGICZNYCH

Abstrakt

Na podstawie wynikow ze Scislego doSwiadczenia polowego okreslono zalezno$¢ zawar-
tosci roznych form azotu oraz pobranie N przez kupkowke pospolita od przebiegu warun-
kow meteorologicznych. Rozpatrywano korelacje miedzy zawarto$cig azotu ogdtem, azotu
biatkowego, N-NH, i N-NO; w runi i korzeniach kupkéwki a niektérymi elementami mete-
orologicznymi: temperaturg powietrza maksymalng, minimalng, $rednig dobows mierzong
na wysokosci 5 i 200 cm, wilgotnos$cia wzgledna powietrza, zachmurzeniem, sumg opadu
atmosferycznego, sumg parowania i temperaturg gleby mierzong na glebokosci 2, 5, 10, 20
cm. Obliczono wspoéteczynniki korelacji miedzy formami azotu w roSlinie a przebiegiem wy-
mienionych elementéw meteorologicznych oraz réwnania regresji wielokrotnej, wspot-
czynniki korelacji wielokrotnej i determinacji.

Nie stwierdzono jednoznacznie, ze istniala istotna zaleznos$¢ zawartosci form azotu
(Nyg-» Nyjap, N-NH,, N-NOg) w runi i korzeniach kupkéwki pospolitej od przebiegu wa-
runiéw meteorologicznych. Zaleznos¢, ktéra wystapita miedzy zawartoscia N-NH, w runi
oraz Ni.. i N-NO; w korzeniach a niektérymi elementami meteorologicznymi, jest stosun-
kowo niewielka i mozna jg scharakteryzowaé wielkoSciag wspélczynnikow determinacji, ko-
lejno: 0,166; 0,106 i 0,151. Pobranie azotu przez kupkéwke pospolitg zalezalo w stosunko-
wo niewielkim, lecz istotnym, stopniu (R2=0,249) od przebiegu niektérych elementéw
meteorologicznych. Wskazuja na to rezultaty obliczen statystycznych; nieodzowne jest kon-
tynuowanie prac dotyczacych omawianych zagadnien.

Stowa kluczowe: formy azotu, pobranie N, kupkowka pospolita, warunki meteorologiczne.

INTRODUCTION

The chemical composition of plants depends on various factors. Above
all, the content of organic and mineral compounds is influenced by agro-
technical factors (mainly mineral fertilization) and natural elements, e.g.
soil quality, mainly its richness in available forms of nutrients, light, air
and soil temperature, as well as precipitation (CLARKSON and WARNER 1979,
Krzywy et al. 1985, BEDNAREK 2005, BEDNAREK et al. 2008, WoJCcIECHOWSKA 2004).
The accumulation of protein, starch and dry matter in plants may signifi-
cantly depend on certain meteorological elements (SoLEckA 1994, KuBik-Do-
Bosz 1998, CierIELA et al. 2001, Pura and SKOWERA 2004, SKOWERA et al. 2007).

Air temperature dropping to 5-6°C and below favours starch conversions
into soluble carbohydrates. Accordingly, the osmotic potential of cells increas-
es and, as a consequence, the freezing resistance of plants rises. The sweet-
ish flavour of frostbitten potato bulbs is also connected with these conver-
sions. In contrast, a temperature increase within the range of 0-30°C, with
an optimal temperature of 20-30°C, accelerates enzymatic reactions. Numer-
ous complex processes related to the absorption and reduction of NOg™ ions
and the assimilation of NH,* ions affect the content of nitrates in plants
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(CLARKSON, WARNER 1979, Hasegawa 1990, KuBik-DoBosz 1998, WOJCIECHOWSKA
2004).

The aim of the research was to determine the relationships occurring
between the content of various nitrogen forms in sward and roots of cocks-
foot grass or the absorption of N by this plant and the local meteorological
conditions.

MATERIAL AND METHODS

The paper is based on results obtained from a field experiment carried
out on an experimental farm in Elizéwka between 1987 and 1989. The ex-
periment concerned the influence of fertilization with diversified doses of
NPK on the yield and quality of cocksfoot grass. The content of macro- and
microelements depends to a considerable degree on the richness of soil in
nutrients as well as on the agrotechnical treatments. The presence of vari-
ous forms of N (N, Nprotein’ N-NH,, N-NOjy) in the aerial parts (sward)
and roots of cocksfoot grass and the uptake of this element depended main-
ly on mineral fertilization, including N. This part of the experiment was
presented in a previous article, which contains detailed information on the
experiment and the chemical methods used in order to determine the ex-
amined forms of N in the plant (BEDNAREK 2005). The results of meteorologi-
cal measurements and observations used here are decade average values,
which include the period from March to October, and, in the authors’ opin-
ion, have the most significant influence on the chemical composition of the
plants shown in Figures 1 and 2. The following factors were taken into
consideration in the experiment: the maximum temperature marked in the
figures as T ___; minimum temperature T . ; average daily temperature

max.’ min.’
measured at 200 cm Taverage at 200cm> aVerage daily temperature measured
at 5 cm Tavemge at 5cms> relative air humidity; cloud cover measured on

ascale of 1-10; precipitation; evaporation; soil temperature measured at
a depth of 2 cm, T, depth 2 cm’ soil temperature measured at a depth of 5 cm
Ty depth 5em’ soil temperature measured at a depth of 10 cm T, depth 10 cm’
soil temperature measured at a depth of 20 em T _; j..: 20 em+ The correla-
tion coefficient was calculated between the determined forms of N and the
meteorological conditions (the figures and the text include only the essen-
tial values). Additionally, multiple regression equations, multiple correlation
coefficients (R), determination (R2) and the significance level (p) were calcu-
lated. The dependent variables y were the content of the determined forms
of N in sward and roots and N uptake by cocksfoot grass, respectively. The
independent variables x were the meteorological elements in the region of
the experiment (x; — air temperature measured at 5 cm, x, — air relative
humidity, x5 — cloud cover, x, — precipitation, x5 — sum of evaporation, xg —
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Fig. 2. Soil temperature, precipitation and the number of days with precipitation
in the area of the experiment

soil temperature measured at 5 cm). In order to eliminate collinearity and
on account of the high correlation between the variables, one of the four
variables which characterise air temperature and one of the four variables
which characterise soil temperature at various depths were chosen for fur-
ther analysis. The calculations were made using Statistica ver. 6.0 and Stat-
graphics Plus 5.0.

RESULTS AND DISCUSSION

The yield and the chemical composition of plants are influenced not
only by anthropogenic elements but also by meteorological conditions domi-
nating in the region of the experiment (Kusik-DoBosz 1998, Pura and Sko-
WERA 2004, WoJsciecHowskAa 2004, SKOwWERA et al. 2007, BEDNAREK et al. 2008).

The content of the forms of N in cocksfoot grass significantly depended
on mineral fertilization, especially with nitrogen. In sward, the total content
of N ranged from 1.76 to 2.84% in dry matter, and in roots — from 0.88 to
1.41% in dry matter. The content of protein nitrogen in sward ranged from
1.15 to 1.79% in dry matter, and in roots from 0.72 to 1.02% in dry matter.
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The content of ammonium nitrogen in sward ranged from 0.11 to 0.27% in
dry matter, and in roots from 0.10 to 0.21% in dry matter. The content of
nitrate nitrogen (V) in sward ranged from 0.03 to 0.10% in dry matter, and
in roots from 0.019 to 0.02% in dry matter (BEDNAREK 2005). The correlation
coefficients between the meteorological elements shown in Figures 1 and 2
and the content of various forms of nitrogen in sward (aerial parts) and
roots of cocksfoot grass indicates that the relationships were non-significant.
There was only one statistically proven positive correlation (r, y=0.25;
p=0.034; n=72), between cloud cover and content of ammonium mtrogen in
sward. On the other hand, there is a significant negative correlation be-
tween N uptake by cocksfoot grass and air temperature (T .., 7, ,=-0.34;
p 0.04; T, 7yy=-0.33; p=0.04; Taverage, ry=-0.32; p=0. 007 Ts cm>
ry=-0.27; p=0.022) and s011 (T4t depth of 2cm r.,=-0.34, p=0.004; Tat depth of
5 em, Tay™ -0.29, p=0.013; Tat depth of 10 cm> "xy™ §0 p=0.009; Tat depth of 20 cm>
Ty =-0.33, p=0.005) and the sum of evaporatlon (r =-0.24, p=0.042 }3 whereas
for cloud cover there is a statistically proven pos1t1ve correlatlon (r, ,=0.30,
p=0.01) — Figures 3 and 4.
It seems, however, that multiple regression is a better measure of the
relationship between the content of various nitrogen forms in plants and
meteorological elements.

30

20 

—
=]

,temperature (OC)
=)

Tmax = 20.41-0.0091 x

10 Tmin = 10.3-0.0077 x —— Tmax
average T at 200 cm = 15.0-0. 008 x —— Tmin
T at 5 cm = 7.8-0.0065 x . —— average T at 200 cm
soil T' at depth of 2 cm = 17.1—0.0095;30 —— average T at 5 cm )

20} |soil T at depth of 5 cm = 16.4-0.0082x | ~ S"?i g al geptﬁ Otﬁg cm

soil T' at depth of 10 cm = 16.1-0. 0079 X 1 zgh T gt dggth gf 1(;:rcnm
so0il T at depth of 20 cm = 16.1-0. 0085 x — soil T at depth of 20 cm

0 100 200 300 400 500 600 700 800 900 1000
N uptake (kg N-ha ™)

Fig. 3. Relationship between N uptake and air and soil temperature
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Fig. 4. Relationship between N uptake and cloud cover and average soil temperature
measured at a depth of 10 cm

This calculation showed the content of NH, in sward to be significantly
dependent on certain meteorological elements (R=0.407; R2=0.166; p=0.0317).
This relationship may be described by the following equation:
Y=0.487+0.019x3—0.005x5+0.005x,—0.004x5; (Y — the content of N-NH, in
cocksfoot grass sward in % N in dry matter; notations of independent varia-
bles — see Methodology). However, it needs to be highlighted that certain
meteorological elements (cloud cover, air relative humidity, Ty ., evapora-
tion) determined the content of NH, only in approx. 17%. The content of
the remaining forms of nitrogen (N, N otein.s N-NOj) did not signifi-
cantly depend on the examined meteorological elements. PutA and SKOWERA
(2004) stated that a considerable amount of precipitation during the vegeta-
tion season of potato significantly limited the content of starch and dry mat-
ter, but favoured the accumulation of total protein in tubers. At the same
time, the yields of starch, total protein and dry matter were significantly
lower in the year receiving the largest amount of precipitation (1997). In
other studies, SkowERA et al. (2007) report that the content of total protein
in chickpea seeds significantly depended on the sum of precipitation and the
sums of effective temperatures in the ripening phase of pods.
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The content of starch depended on the sum of precipitation in the bloom
phase, the sums of effective temperatures in the phase of pod setting and
the number of days with precipitation during the vegetation season. At the
same time, CIePIELA et al. (2001) reported that the length of the low temper-
ature stress had influenced changes in the content of total and soluble pro-
tein in cv. Kargo spring triticale seedlings. Comparing the electrophoretic
images of winter and spring wheat seedling proteins which have different
frost resistance, SoLECKA (1994) stated that most of low temperature induced
proteins were found in both types of plants. The only difference was the
presence of a protein with a mass of 200 kDa in the winter variety, more
resistant to low temperature. It suggests that most changes caused in cells
by this factor are not connected with water freezing tolerance but with ad-
justment of the plant metabolism to low temperature. Analysis of protein
distribution in leaves, nodes and roots of wheat showed that the 200 kDa
protein is present in all tissues, but accumulates in much higher amounts
in aerial tissues, which are much more frost-resistant than roots. In other
words, the higher degree of synthesis of this protein is closely connected
with the higher frost-resistance.

In addition, statistical calculations show that the content of total and
nitrate nitrogen in roots of cocksfoot grass significantly depended on certain
meteorological elements. The content of the former (N,;,;) can be described
as follows: R=0.326; R2=0.106; p=0.05. The multiple regression equation with
the choice of the best subset of independent variables has the following
form: Y=0.128-0.184x3+0.027x4+0.027x; (y — the content of N, ; in roots
in % N in dry matter; independent variables notations — see methodology).
However, it needs to be highlighted that the independent variables x in the
equation determined the content of total nitrogen in roots of cocksfoot grass
only in approx. 11%. Moreover, statistical calculations show that there is
some small but important relationship between the content of nitrate nitro-
gen in roots of cocksfoot grass and certain meteorological elements. It can
be described in the following way: R=0.388; R2=0.151; p=0.0107. The calcu-
lated multiple regression equation has the following form: Y=0.034-—
—0.0007x,+0.0004x,—0.0029x5; (y — the content of N-NOg in roots in % N in
dry matter; independent variables notations — see methodology). It needs to
be underlined, however, that these meteorological elements determine the
content of N-NOg in roots only in approx. 15%. Krzywy et al. (1985) stated
that the highest content of total nitrogen was found in sward gathered in
the dry year 1983; nitrate nitrogen (V) in the control — also in dry years,
and on the fertilizing objects — in the wet year.

The statistical calculations also showed that there is a particularly im-
portant relationship between N uptake by cocksfoot grass and some meteor-
ological elements (Figures 3 and 4). It can be determined as follows: R=0.499;
R2=0.249; p=0.0017. Accordingly, the multiple regression equation has the
following form: ¥=1635.9+50.2x3+5.38x,-16.0x,—11.3x5—9.33x¢; (y — N uptake
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in kg-ha'l; notations of independent variables — see methodology). However,
it needs to be highlighted that the features taken into consideration in the
equation determined N uptake by cocksfoot grass only in approx. 25%.

Kusik-DoBosz (1998) stated that there is little evidence connecting NH,*
uptake by plants and the presence of light. Prolonged exposure to dark re-
sults in a decreased uptake of ammonium ions and especially the rate at
which these ions enter cells. At the same time, there is little inhibition of
their outflow. On the other hand, no influence of temperature changes on
NH,* ion uptake by Lolium multiflorum and Lolium perenne was reported
(CrarksoN and WARNER 1979), and its increase from 10° to 35°C slightly stim-
ulated the uptake of these ions by seedlings of Ceratonia siliqua. The up-
take rate increased rapidly after a temperature increase to 40°C (KUBIK-
-DoBosz 1998). WoJsciecHowsKa (2004), reports that, apart from agrotechnical
factors, the intensity of light, water supply and temperature have an impor-
tant influence on the accumulation of nitrates in plants. Low light intensity
connected with low photosynthesis intensity influences the increase in the
content of nitrates in plants. The main reason for this relationship is the
inductive influence of light on the activity of nitrate reductase, which is the
key enzyme in the metabolism of nitrates, and on the production of assimi-
lates in the process of photosynthesis which act as acceptors of the reduced
form of nitrogen. The content of nitrates in plants during the vegetation
season is modified to a larger degree by water relations. Periods of drought
during cultivation of plants causes an increase in the content of nitrates,
mainly because their reduction is largely inhibited. Increased accumulation
of nitrates in plants growing under negative water balance is connected with
a rapid decrease in photosynthesis resulting from limited access to CO,,
which is caused by stomatal closure. The assimilation of nitrates by plants
decreased under substantial limited water content in soil and lower air rela-
tive humidity. Lower soil temperature usually inhibits nitrate uptake. At
a soil temperature of 16°C some rice varieties take up half the amount of
NOj ions absorbed at a temperature of 28°C (Hasecawa 1990). Temperature
influences metabolic processes; it affects the intensity of photosynthesis and
respiration and the activity of enzymes responsible for the reduction of ni-
trates and the synthesis of organic nitrogen compounds. The content of ni-
trates in plants is influenced by the efficiency of numerous complex process-
es connected with the uptake and reduction of nitrate ions and the
assimilation of ammonium ions.

CONCLUSIONS

1. No significant relationship between the forms of N (N, Nprotein’
N-NH,, N-NOj) in sward and roots of cocksfoot grass and the course of
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meteorological conditions was clearly stated. The relationship between the
content of N-NH, in sward and N,;,; and N-NOj in roots and certain mete-
orological elements is relatively slight and can be characterised by the de-
termination coefficients: 0.166; 0.106 and 0.151.

2. The statistical analysis showed that the N uptake by cocksfoot grass
depends to a relatively small though significant extent (R2=0.249) on certain
meteorological elements. However, further research is still recommended.
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Abstract

Ions of irons, especially ferrous ions may be harmful for living organisms, because
they generate reactive oxygen species like Oy°~ or *OH. Probability of the risk rises espe-
cially in pathological conditions, in which high level of iron is observed. For this reason
scientists try to establish new methods that can support organism in eliminating reactive
ferrous ions.

Nowadays, attention focuses on substances present in plants, especially polyphenols,
whose administration prevents oxidative damages in iron overloading.

This new approach requires some research on behavior of plant-derived compounds
in human organism, within a system containing other biomolecules involved in iron meta-
bolism. The aim of this study has been to investigate the influence of black currant (Ribes
nigrum) seed extract, a source of polyphenols, on the activity of ceruloplasmin, an enzyme
participating in Fe(II) elimination from blood plasma in human organism. Depletion of
Fe(Il) caused by ceruloplasmin isolated from healthy blood donors was compared to its de-
crease in a system containing both ceruloplasmin and the extract. The results have shown
that addition of a particular amount of the extract elevates the effectiveness of cerulopla-
smin in eliminating Fe(II) from the sample but only under physiological condition (pH 7.4;
T 37°C). In a weak acidic solution, addition of the extract does not lead to any change in
Fe(II) concentration.
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WPLYW EKSTRAKTU Z PESTEK PORZECZKI CZARNEJ (RIBUS NIGRUM)
NA SKUTECZNOSC LUDZKIEJ CERULOPLAZMINY W ELIMINOWANIU Fe(II)

Abstrakt

Jony zelaza, szczegdlnie jony zelazawe Fe(Il), ze wzgledu na wysoki potencjat oksydo-
redukcyjny maja zdolno$¢ generowania wolnych rodnikéw, takich jak Oy~ i *OH. W pew-
nych stanach patologicznych, ktérym towarzyszy przeladowanie organizmu zelazem, ryzy-
ko pojawienia si¢ wolnych jonéw Fe(Il) inicjujacych wiele proceséw wolnorodnikowych jest
bardzo prawdopodobne. W tym celu dazy sie do opracowania terapii, ktére w chorobach
zelazozaleznych wspomoga naturalne mechanizmy usuwania reaktywnych jonow zelaza
z organizmu. Ostatnio duza uwage poswieca si¢ aktywnym substancjom obecnym w rosli-
nach, szczegélnie zwigzkom polifenolowym, ze wzgledu na ich silne wtasciwosci chelatuja-
ce. Ten nowy kierunek badan wymaga jednak wnikliwej analizy, ktéra wyjasni mechanizm
wspoétdziatania substancji ros§linnych z innymi biomolekutami zaangazowanymi w prawidio-
wy metabolizm zelaza w organizmie oraz rozstrzygnie o bezpieczenstwie ich stosowania.
Celem badan byto ustalenie wplywu ekstraktu z pestek porzeczki czarnej (Ribus nigrum),
bogatego w zwiazki polifenolowe, na aktywnos¢ ludzkiej ceruloplazminy, enzymu uczestni-
czacego w usuwaniu Fe(Il) w organizmie ludzkim. Ubytek Fe(II) obserwowany w obecno-
$ci ceruloplazminy poréwnywano z jego ubytkiem w mieszaninie ceruloplazmina-ekstrakt.
Stwierdzono, ze dodatek ekstraktu podnosi skuteczno$é ceruloplazminy w eliminowaniu
Fe(Il) ze srodowiska. Istnieje wiec przypuszczenie, ze zwigzki pochodzenia roslinnego ta-
kie jak polifenole mogg wspomagaé¢ naturalne mechanizmy eliminowania Fe(II) w organi-
zmie.

Stowa kluczowe: ekstrakt z pestek porzeczki czarnej (Ribus nigrum), polifenole, cerulo-
plazmina, aktywno$é ferroksydazowa, jony zelazawe.

INTRODUCTION

Iron is an essential element in human organism, necessary for such
basic processes as oxygen transport or cell respiration. This element is an
important component of many enzymes and metaloproteins, which are in-
volved in DNA synthesis, cholesterol metabolism and processes of detoxifica-
tion. Despite beneficial effects of iron, there are some dangers connected
with the presence of unbound iron ions in biological fluids or tissues. Ions
of irons, especially ferrous ions, may generate reactive oxygen species (ROS)
in Fenton, Haber-Weiss reactions or during the process of their non-enzy-
matic oxidation. The level of reactive iron in human organism is precisely
regulated by ceruloplasmin (RoESER et al. 1970, Stocks et al. 1974) blue plas-
ma copper protein, composed of three 42-45 kDa domains that are homolo-
gous to each other (ORTEL et al. 1984) and similar to domains in factors V
and VIII of coagulation cascade (CHURCH et al. 1984). Ceruloplasmin catalyzes
the oxidation of ferrous ions into less reactive ferric ions, subsequently bind-
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ed by transport and storage proteins: apotransferrin and apoferritin (RYDEN
1984). Ferroxidase activity of the protein, prevents organism from ROS gen-
eration catalyzed by free ferrous ions.

In some pathological condition related to disorders of iron absorption
and metabolism, regulation mechanism may fail and lead to uncontrolled
increase of iron concentration in human organism. It is observed during the
course of a such diseases as aceruloplasminemia, atransferinemia, beta-ta-
lasemia, obesity, hypertension or diabetes type II (PowgLL 2002). In the case
of patients suffering from iron overload diseases, the production of ROS,
especially hydroxyl radical is highly probable (SocHaski et al. 2002, MccuL-
LOUGH, BarTFAYB 2007). Free radicals can cause oxidative modification of bio-
molecules, mainly lipids peroxidation, protein injury, DNA damage and lead
to dysfunction of many organs or cancerogenesis. Under these circumstanc-
es it is necessary to take up some precautions which can support organism
in eliminating reactive ferrous ions and prevent their dangerous effects.
Nowadays, patients with iron overload diseases are treated with bloodletting
or chelating therapy using synthetic, hard-assimilate compounds (Daca 1974).
Invasiveness of these methods and number of side effects force us to search
for safer therapies.

Recently, many researches have focused on active substances derived
from plants and supplied to organism in daily diet. Fruit and vegetables are
rich in vitamin C, tokoferols, karetonids and polyphenols, which act as
antioxidants. This important antioxidant action of the compounds is based
on their ability to sequester metal ions, therefore some researchers pay
attention to their use in metal poisoning.

It was indicated that the administration of polyphenols like quercetin,
rutin and silibin reduces the oxidation processes in iron overload diseases
(Zuao et al. 2005, ZHANG et al. 2006) resulting from strong chelating activity
of these compounds towards ferrous ions as well as from the ability of
polyphenols to eliminate free radicals generated by metal (AraNasEV et al.
1989, MoraN et al. 1997, YosHINO et al. 1998, ZHAO et al. 1998, MIrA et al.
2002 ). In vitro, radical scavenging and iron-chelating activities are also ob-
served for plant extracts containing polyphenols, like black currant, (Ribes
nigrum) rich in anthocyanins and flavonols (Lucasi, Hovart 2003, BENVENUTI
et al. 2004)

Pharmaceuticals enriched with some plant extracts might support tradi-
tional therapies in iron overload diseases, but their safe use should be pre-
ceded some laboratory tests checking their properties under physiological
conditions and their cooperation with other biomolecules involved in iron
metabolism. The present study was focused on the influence of black cur-
rant seed extract, rich in polyphenols, on the activity of ceruloplasmin, the
enzyme participating in one of the most important processes of Fe(Il) elimi-
nation in human organism.
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MATERIALS AND METHODS

MATERIALS

Ceruloplasmin (Cp) was isolated from serum of healthy blood donors
and subjected to the process of purification (HiLEwicz-GraBska et al. 1988). In
the first stage the protein was filtered through the column DEAE — Sepha-
dex A — 25 using 0.2 M acetate buffer (pH 5.5) followed by precipitation with
ammonium sulphate. The protein solution was then denaturated in chloro-
form-ethanol mixture (1:9 v/v). The protein pellet was reextracted and dia-
lyzed to the 0.05 M phosphate buffer with addition of sodium chloride. Par-
ticular volume of 6 M protein solution: 10; 20; 30; 40 or 50 ul, was diluted
in phosphate buffer (pH 7.4 or 6.0) to the final volume of the sample (525 ul).
Different concentrations of Cp were tested (0.12; 0.24; 0.4; 0.5 and 0.61 uM)
separately or in system including the extract.

Black currant seed extract (BcE) was obtained from seeds obtained
as a waste product in the fruit industry. Seeds of black currant were dried,
crumbled, degreased and threefold extracted using 80% aqueous ethanol.
Dry mass obtained after evaporation was dissolved in 96% ethanol. The to-
tal content of phenolic compounds in the extract of seed was 340 +/- 20 mg/
/100 g d.m. and was determined by Folin-Ciocaltau method, using caffeic acid
as a calibration standard (Roura et al. 2006). The BcE was diluted in phos-
phate buffer (pH 7.4 or 6.0) to the final concentration 166.67 mg d.m.11.
Particular volume of the extract: 10, 20, 40, 50, 100 or 150 ul was added to
the main sample and diluted to 525 pl. Different concentrations of extract
(3.18; 6.36; 9.54; 12.72; 16; 31.75; 47.62 mg d.m. 1'1) were tested separately
or in system including ceruloplasmin.

METHODS

Reagents

Phosphate buffer pH 7.4 and pH 6.0; 3-2-Pyridyl-5,6-diphenyl-1,2,4-tri-
azine-4,4-disulfonic acid sodium salt (ferrozine); histidine; ferrous-ammoni-
um sulfate (Mohr’s salt). The chromogen solution was made as follows:
0.0249 g of 3-(2-Pyridyl)-5,6-diphenyl-1,2,4-triazine-4,4-disulfonic acid sodium
salt was dissolved in 25 ml of phosphate buffer (pH 7.4). The ferrous ions
solution was made as follows: 0.0216 g (NH,), Fe (SO,)y-6H,O was dis-
solved in 250 ml of deionized water. Histidine solution was made as follows:
0.0170g of histidine was dissolved in 100 ml of deionized water. All the rea-
gents were stored for a maximum of one week in a shaded place. Before
every experiment, ferrous ions were added to the reaction mixture as
a complex with histidine, in ratio 1:1 (v/v). Histidine protects ferrous ions
against the change of oxidation state.
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Ferrozine assay

The ability of Cp and BcE to eliminate ferrous ions was determined
using ferrozine, a chromogen that forms a highly colored complex with fer-
rous ions (EReL 1998). Concentration of Fe(II) ions in the reaction mixture
was always constant but concentration of ceruloplasmin and extract were
changed. The incubation of Fe(II) ions with ceruloplasmin and/or extract
was conducted at constant temperature 37°C and pH 7.4 for 1 minute to
create conditions close to physiological ones. In the second stage of the meth-
od only pH was lowered to the value 6.0. After 1 minute of incubation ferro-
zine was added and the resulting colour was measured spectrophotometri-
cally at 564 nm. The ability of the tested compounds to eliminate Fe(II) was
estimated by comparing the value of absorbance of a sample without any
biomolecules participating in iron transformation (blank sample) with ab-
sorbance of a sample containing different concentrations of ceruloplasmin
and/or the extract. Results were expressed as a depletion of Fe(II) ions in
uM according to the formula:

AFe(ID=(Ay-A)/27,9 (@))
where:
A, - blank sample,
A, - sample,

27,9 — molar coefficient of absorbancy (27 900 mM-lecm™1).

In every single experiment one concentration of ceruloplasmin and/or
extract was prepared in constant volume of sample 0.525 ml. Ferrous ions
mixture was added to the solution of ceruloplasmin and/or extract 1 ml of
histidine. All the reagents were mixed together and incubated for 1 minute.
After 1 minute incubation, 900 ul of ferrozine was added to the 100 ul of
reaction mixture.

Statistical analysis

Statistical analysis was carried out using the Instat Sigma software. The
results were compared by both ANOVA test and Student’s T-test. Statistical
significance was set at the level of p=0.05.

RESULTS AND DISCUSSION

Ribes nigrum belongs to the berries which are a rich source of bioactive
compounds possessing important biological properties. It has been demon-
strated that extracts and juices from Ribes nigrum have antiviral, anti-in-
flammatory, antitumor abilities (DEcLuME 1989, Yoko et al. 2003, Konno, OKUBO
2005). Studies of biochemical profiles of Ribes nigrum berries and black cur-
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rant juices by High Performance Liquid Chromatography (HPLC) revealed
abundance of polyphenols, mainly anthocyanins (NIELSEN et al. 2003) and
flavonols such as quercetin, kaempferol and myrecitin (MIKKONEN et al. 2001).
Ribes nigrum seeds, which are often a waste product from food industry,
can be a source of many substances such as fatty acids: oleic, linoleic, steari-
donic acids, a-tocopherol and carotenes (Picuric-Jovanovic et al. 2002). Like
in berries, different classes of phenolic compounds are also detected in seed
content (Lu, YEAP Foo 2003). Some research suggested that 70% of the anti-
oxidant capacity of Ribes nigrum extract could be attributed to its phenolic
compounds content.

Polyphenols have been known as compounds advantageous for human
organism, preventing many illnesses such as heart diseases or cancer (STONER,
MuknTAR 1995, DUTHIE et al. 2000). Recent studies show they may also be
used as therapeutics in treatment of some iron overload diseases (AFANAS’EV
1995, PIETRANGELO et al. 2002, ZHAO et al. 2005, ZHANG et al. 2006). The bene-
ficial effect of polyphenols is based on their ability to inhibit oxidation proc-
esses catalyzed by ferrous ions, either through their chelation and/or the
elimination of metal-induced ROS. There are suggestions that orally admin-
istered polyphenols individually or in varied combinations might enhance
the efficacy of prevention of the oxidative damage caused by the excess of
iron. Plant extracts which are condensed mixture of phenolic compounds
can be used as therapeutics, however, it is vital to first determine the influ-
ence of their components on other mechanisms occurring in human organ-
ism and participating in the maintenance of the proper iron level. The
present study tried to define the effect of Ribes nigrum seed extract on
human ceruloplasmin, the enzyme involved in one of the most important
mechanism of Fe(Il) elimination.

The results suggest that increased concentration of Cp cause a propor-
tionally higher depletion of Fe(II) in the reaction mixture (Figure 1).
A similar effect was noticed for the BcE, which effectively eliminates Fe(II)
from the environment in a dose-depend manner (Figure 2). The behavior of
the extract is probably connected with the presence of polyphenols as its
major component, although the influence of other substances like ascobic
acid and tocophrols cannot be excluded.

In the first part of the experiment, the solutions of Cp and BcE were
studied separately, whereas in the second part they were combined as
a mixture to check their joint effect on Fe(II) elimination. Three concentra-
tions of Cp were prepared (0.12; 0.40 and 0.61 pM) and each was submitted
to the reaction with different concentration of the BcE.

The loss of Fe(Il) was greater in the mixture containing both Cp and
the BcE than in the solution of Cp only (Figures 3a,b,c), so it was stated
that components of BecE cooperate with Cp in the process of eliminating of
Fe(II). Supporting effect of the BcE on the activity of Cp was observed in all
the tested concentrations of the enzyme, although the most noticeable re-
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depletion of Fe(II)(uM)

S = N W kL
%

ﬁ

012 ~ 024 = 04 ~ 05 T 0.1
concentration of Cp (uM)

Fig. 1. Depletion of Fe(II) in the presence of different concentrations of Cp after 1 minute
of incubation. Results were expressed as means = SD. *p=<0.05 (concentration of Cp vs.
the nearest neighbor concentration of Cp)

depletion of Fe(I)(uM)

3.18 6.36 954 12.72 16.00 31.75 47.62
concentration of BcE (mg d.m. l_l)

Fig. 2. Depletion of Fe(Il) in the presence of different concentrations of B¢cE after 1 minute
of incubation. Results were expressed as means + SD. *p< 0.05 (concentration of BcE vs.
the nearest, neighbor concentration of BcE)

sult appeared at the lowest Cp concentration (Figure 3a). Presumably, it is
a consequence of the competition between Cp and the extract for the sub-
strate in the reaction mixture. In a range of higher concentrations, Cp gains
an advantage over the extract and reduces its participation in the process.

In the present study, all the experiments were conducted at physiologi-
cal pH, but in some stage of the research the pH value of a reaction mix-
ture was lowered to 6.0. Solutions of one concentration of Cp (0.61 nM) and
BcE (12,72 mg d.m.1'1) were chosen and tested separately and in mixture.
A change of pH did not affect the effectiveness of Cp but dramatically low-
ered the extract involvement in Fe(Il) elimination (Figure 4). For this rea-
son, addition of the extract to Cp solution at pH 6.0 did not cause signifi-
cant difference in the amount of eliminated Fe(II), observed previously at
pH 7.4. This observation might be attributable to the influence of pH on the
ability of polyphenols to form complexes with iron ions. This process has
been described in earlier publications (MoraN et al. 1997, Mira et al. 2002),
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3.18 6.36 954 12.72 16 31.75 47.62
concentration of BcE added to the reaction (mg d.m. 1

JCp~0.12uM
3 Cp ~ 0.12 uM + different concentration of BcE

(3.18 — 47.62 mg d.m. 1)

depletion of Fe(II) (uM)
O N W OO g

depletion of Fe(II) (uM)

318 6.36 954 12.72 16  31.75 47.62
concentration of BcE added to the reaction (mg d.m. 1)

—1Cp~04puM
3 Cp ~ 0.4 uM + different concentration of BcE

(3.18 — 47.62 mg d.m. 1)

depletion of Fe(II) (uM)

318 636 954 1272 16
concentration of BcE added to the reaction (mg d.m. 1_1)
1 Cp ~ 0.61 uM
[ Cp ~ 0.61 uM + different concentration of BcE
(3.18 — 47.62 mg d.m. 1)

Fig. 3. Depletion of Fe(II) in the mixture containing constant concentration of Cp
(@ — 0.12uM, b — 0.40 uM, ¢ — 0.61 uM) and different concentrations of BcE (3.18-47,62 mg
d.m. I'!). Results were expressed as means * SD.
*p=<0.05 (Cp vs. Cp + specified concentration of BcE)
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depletion of Fe(II) (uM)

pH ~ 6 pH~74
1 Cp [ BcE Cp + BcE

Fig. 4. Influence of pH on Cp, BcE and mixture containing both (Cp + BcE) in Fe(II) elimination.
Results were expressed as means + SD.
*p<0.05 (* BcE at pH 6 vs. BcE at pH 7.4; **Cp at pH 7.4 vs. Cp + BcE at pH 7.4

in which the authors indicate that chelating properties of polyphenols in
acidic pH are decreased .

Although our studies were carried out under in vitro conditions, they
show that black currant extract rich in polyphenols raise the effectiveness
of ceruloplasmin in Fe(II) elimination. The results could be more reliable if
the natural processes occurring in human organism such as absorption and
metabolism affecting natural abilities of nutritional compounds were taken
into account. Apart from ceruloplasmin, it is necessary to focus on other
endogenous antioxidants present in human organism, that could be either
positively or negatively affected by active substances provided with food.

Plant extract are a mixture of different compounds, therefore it is diffi-
cult to analyse and determine the effect caused by individual substances.
Iron elimination performed by BcE can result from the chelating activity
of polyphenols or other compounds or their combination. Thus, this aspect
must be carefully verified in the future studies.

Development of new approaches using plant compounds for treatment
of iron overload diseases is a very important issue for future investigations
concerning their safety, toxicity and their combined use with traditional med-
icines.

CONCLUSIONS

1. Ribes nigrum seed extract effectively eliminates Fe(II) from the envi-
ronment in a dose-dependent manner. This effect may be connected with
the presence of polyphenols as its major component. However, influences
of other substances cannot be excluded.
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2. The addition of Ribes nigrum seed extract elevates the effectiveness
of ceruloplasmin in removal of Fe(II) from a sample provided it occurs un-
der physiological conditions (pH 7.4; T 37°C).

3. Ribes nigrum seed extract rich in active polyphenols can support nat-
ural mechanisms regulating proper iron level, although this aspect should
be confirmed by in vivo studies.

REFERENCES

AranaseEv 1.B. 1995. Different antioxidant activities of bioflavonoid rutin in normal and
iron-overloading rats. Biochem. Pharmacol., 50: 627-635.

Aranas'Ev I.B., Dorozuko A.L., Bropski A.V., Kostyuk V.A., PotaroviTcH A.I. 1989. Chelating and
free radical scavenging mechanisms of inhibitory action of rutin and quercetin in lipid
peroxidation. Biochem. Pharmacol., 38: 1763-1769.

Benvenutt S., Perratt E., MELEGART M., BErTELLI D. 2004. Polyphenols, anthocyanins, ascorbic
acid and radical scavenging activity of Rubus, Ribes and Aronia. J. Food. Scien., 69:
164-169.

CaurcH W.R., JErNIGAN R.L., TooLE J., HEwick R.M., Knorr J., KNnuT G.J., NEsuEiM M.E., MANN
K.G., Fass D.N. 1984. Coagulation factors V and VIII and ceruloplasmin constitute
a family of structurally related proteins. Proc. Nat. Acad. Sci. USA., 81: 6934-6937.

Dacc J.H. 1974. Treatment of iron deficiency and iron overload. BMJ., 2: 494-497.

Decrume C. 1989. Anti-inflammatory evaluation of hydroalcoholic extract of black currant
leaves (Ribes nigrum). J. Ethnophamacol., 27: 91-98.

Duraie G.G., Duraie S.J., KyLe J.A.M. 2000. Plant polyphenols in cancer and heart disease:
implications as nutritional antioxidants. Nutr. Research., 13: 79-106.

EreL O. 1998. Automated measurement of serum ferroxidase activity. Clin. Chem.,44: 2313-
2319.

HrLewicz-GraBska M., Zairskr A., Krasewskr T., PLoNka A. 1998. Purification and partial charac-
terization of goose ceruloplasmin. Arch. Biochem. Biophys., 260: 18-27.

Konno T., OkuBo T. 2005. Immunostimulatory effects of polysaccharide-rich substance with
antitumor activity isolated from black currant (Ribes nigrum L.). Biosci. Biotechnol.
Biochem., 69: 2042-2050.

Lu Y., YEar Foo L. 2003. Polyphenolic constituents of black currant seed residue. Food
Chem., 80: 71-76.

Lucast A., Hovarr J. 2003. Antioxidant properties of commercial alcoholic and nonalcoholic
beverages. Food., 47: 79-86.

Mccurrouca K.D., Bartray W.J. 2007. The dose-dependent effects of chronic iron overload on
the production of oxygen free radicals and vitamin E concentrations in the liver of a
murine model. Biol. Res. Nurs., 8: 300-304.

MikkoNEN T.P., MaaTa K.R., HUKKANEN A.T., Kokko H.dJ., ToRRONEN A.R., KaARENLAMPI S.O., KARJA-

LAINEN R.O. 2001. Flavonols content varies among blackcurrant cultivars. J. Agric. Food.
Chem., 49: 3274-3277.

Mira L., FernanDez M.T., Santos M., RocHa R., Frorencio M.H., JEnnings K.R. 2002. Interactions
of flavonoids with iron and copper ions: a mechanism for their antioxidant activity.
Free. Radic. Res., 36: 1199-2008.

Moran J.F., Krucas R.V., Graver R.J., ABian J., BEcana M. 1997. Complexes of iron with
phenolic compounds from soybean nodules and other legume tissues; prooxidant and
antioxidant properties. Free. Radic. Biol. Med., 22: 861-870.



227

NieLseEN J.L.F., HAREN G.R., MaGNUSSEN E.L., DrRAGSTED L.O., RasmusseN S.E. 2003. Quantifica-
tion of antocyanins in commercial black currant juices by simple high performance
liquid chromatography. Investigation of their pH stability and antioxidative potency.
J. Agric. Food. Chem., 51: 5861-5866.

OrteL T.N., Takanuasar N., Purnam F.W. 1984. Structural model of human ceruloplasmin
based on internal triplication, hydrophilic/hydrophobic character, and secondary
structure of domains. Proc. Nat. Acad. Sci., USA, 81: 4761-4765.

Picuric-Joranovick K., DEMENKO V.dJ., MiLovaNovic M. 2002. Compositional components and the
oxidative stability of Ribes nigrum seed oil. J. Herb. Spec. & Med. Plants., 10: 37-43.

PIETRANGELO A., MonTOsI G., GARUTI C., CoNTRI M., GIOVANNINI F.; CECCARELLI D., Masin A. 2002.
Iron-induced oxidant stress in nonparenchymal liver cells: mitochondrial derangement

and fibrosis in acutely iron-dosed gerbils and its prevention by silybin. J. Bioenerg.
Biomembr., 34: 67-79.

Powrerr L.W. 2002. Hereditary hemochromatosis and iron overload diseases. J. Gastroente-
rol. Hepatol., 17: 191-195.

Roeser H.P., LEE G.R., Nacut G.E., CARTWRIGHT G.E. 1970. The role of ceruloplasmin in iron
metabolism. J. Clin. Invest., 49: 2408-2417.

Roura E., ANDREs-LAcUEva C., EstrucH R., LAMUELA-RAVENTOS R.M. 2006. Total polyphenol inta-
ke estimated by a modified Folin-Ciocalteu assay of urine. Clin. Chem., 52: 749-752.

Ryepen L. 1984. Ceruloplasmin. In: Copper proteins and copper enzymes. LonNTiE R. Jr. (ed.)
Boca Raton: CRC Press., (3): 37-100.

SocHASKI ML.A., BARTFAY W.J., THORPE S.R., BAYNES J.W., BArTFAY E., LEHOTAY D.C., Liu P.P. 2002.
Lipid peroxidation and protein modification in a mouse model of chronic iron overlo-
ad. Metabolism., 51: 645-651.

Stocks J., GUTTERIDGE J.M.C., SHARP R.J., DorTMANDY T.L. 1974. The inhibition of lipid autooxi-
dation by human serum and its relationship to serum proteins and tocopherol. Clin.
Sci. Mol. Med., 47: 223-233.

StonEr G.D., MukaTar H. 1995. Polyphenols as a cancer chemopreventive agent. J. Cell.
Biochem. Suppl., 22: 169-180.

Yoro M.K., Tatsvo S., Itsuro Y., MasanoBu A. 2003. Anti-influenza virus activity of crude
extract of Ribes nigrum L. Pthytother. Res., 17: 120-122.

Yosuino M., Murakami K. 1998. Interaction of iron with polyphenolic compounds; application
to antioxidant characterization. Anal. Biochem., 257: 140-144.

Zuang Y., Lt H., Zrao Y., Gao Z. 2006. Dietary supplementation of baicalin and quercetin
attenuates iron overload induced mouse liver injury. Eur. J. Pharmacol., 535: 263-269.

Zuao Y., Lt H.,, Gao Z., Xu H. 2005. Effects of dietary baicalin supplementation on iron
overload-induced mouse liver oxidative injury. Eur. J. Pharmacol., 509: 195-200.

Zuao Z.S., Kuan S., O'BrieN P.J. 1998. Catecholic iron complexes as cytoprotective superoxide
scavengers against hypoxia:reoxygenetion injury in isolated hepatocytes. Biochem.
Pharmacol., 56: 825-830.






J. Elementol. 2009, 14(2): 229-237

INVESTIGATIONS OF Ni CONTENT
IN HUMAN HAIR

Maria Dlugaszek, Miroslawa Szopa,
Monika Mularczyk-Oliwa

Institute of Optoelectronics
Military University of Technology

Abstract

Effect of nickel (Ni) on human organism is still evaluated, although there are few
research papers dedicated to this problem. The participation of Ni in carcinogenesis and
allergic reactions is considered. Nickel is absorbed through the alimentary tract, lungs and
skin. Concentration of Ni in blood and urine is low (about 1 pg L'1). More nickel has been
determined in tissues such as liver, lungs and osseous tissue. The aim of this work was to
assess the Ni level in human hair (n =220, 110 women and 110 men) and correlations
between Ni and other elements i.e. calcium (Ca), magnesium (Mg), zinc (Zn), iron (Fe),
lead (Pb), and cadmium (Cd). Hair washed with acetone and redistilled water was minera-
lized in mixture of HNOg and HCIO, acids. Content of the elements was determined by
the atomic absorption spectrometry method AAS. Concentrations of Ca, Mg, Zn, Cu, and
Fe was measured by the flame technique (FAAS), while concentration of Pb, Cd and Ni
was analyzed by the electrothermal atomic absorption spectrometry in a graphite furnace
(GFAAS). The data were the subject of statistical analysis. The mean Ni concentration in
the hair samples was 0.24 pg gl (median 0.17 pg g1, range 0.01-1.77 ng g'l). Slightly
more Ni was found in hair of women (0.25 pg g'l) than of men (0.22 pg g'l). Statistically
higher concentrations of Ni were noticed in hair of men > 20 years than in younger men
(p<0.05). Statistically significant positive correlations (for Zn, negative correlation) were es-
tablished between Ni and Cd, Pb, and Cu concentration. Hair is available easily and non-
invasively for tests and owing to a higher Ni level in hair than in physiological fluids, such
tests help reduce analytical error. Therefore, hair is a very suitable material for monito-
ring elements in the human body.

Key words: nickel, bioelements, toxic metals, hair, atomic absorption spectrometry (AAS).
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BADANIA NAD ZAWARTOéCIA NIKLU WE WLOSACH LUDZKICH
Abstrakt

Oddziatywanie niklu (Ni) na organizm czlowieka nadal jest przedmiotem badan, jed-
nak liczba opublikowanych prac poswieconych tej tematyce jest niewielka. Rozpatrywany
jest udzial tego pierwiastka w procesie kancerogenezy oraz jako czynnika wywolujacego
alergie. Gléwne drogi wchtaniania Ni to przewod pokarmowy, ptuca i skéra. Stezenie tego
pierwiastka we krwi i moczu jest niskie i wynosi ok. 1 png L'l. Wieksze jego ilosci oznaczo-
no w tkankach (watrobie, ptucach, tkance kostnej). Celem pracy byta ocena zawartosci Ni
we wlosach (n=220, 110 kobiet i 110 mezczyzn) oraz korelacji miedzy jego stezeniem a ste-
zeniem innych pierwiastkow: wapniem (Ca), magnezem (Mg), cynkiem (Zn), zelazem (Fe),
olowiem (Pb) i kadmem (Cd). Wtosy umyte w acetonie i wodzie mineralizowano na mokro
w mieszaninie kwaséw HNO,; i HCIO,. Zawartoé¢ pierwiastkéw oznaczano metoda spek-
trometrii absorpcji atomowej (AAS). Stezenie Ca, Mg, Zn, Cu i Fe wykonano technika pto-
mieniowg (FAAS), natomiast Pb, Cd i Ni technika bezptomieniowg w piecu grafitowym
(GFAAS). Otrzymane dane poddano analizie statystycznej. Zawarto$¢ pierwiastkow podano
w zalezno$ci od ptci i wieku. Srednia zawarto§é Ni w badanych prébkach wtoséw wynosita
0,24 pg gl (mediana 0,17 pg gl, rozrzut 0,01-1,77 pg g'l), nieco wiecej tego pierwiastka
stwierdzono we wlosach kobiet (0,25 pg gl) niz u mezczyzn (0,22 pg gl) i statystycznie
wigcej we wlosach mezczyzn powyzej 20 lat w poréwnaniu z grupa wiekowa ponizej 20.
roku zycia (p<0,05). Istotne statystycznie dodatnie korelacje (z wyjatkiem Zn) wyznaczono
miedzy zawartoscig Ni oraz Cd, Pb i Cu. Wlosy sa tkanka dostepng w sposéb tatwy i niein-
wazyjny, a ze wzgledu na znacznie wyzsza zawarto§¢ Ni w poréwnaniu z pltynami ustrojo-
wymi stanowia dobry material badan, co umozliwia zmniejszenie bledéw pomiarowych pod-
czas analizy.

Stowa kluczowe: nikiel, biopierwiastki, metale toksyczne, wlosy, spektrometria absorpcji
atomowej (AAS).

INTRODUCTION

Participation of nickel (Ni) in biochemical processes in the human
organism remains the subject of research works. Nickel is absorbed by
lungs, skin and the alimentary tract (with water and food). Fish, vegetables,
corn, cacao and tea leaves contain high amounts of nickel (CHRISTENSEN 1995,
Bieco et al. 1998, Kasprzak et al. 2003). In food, nickel may occur as a con-
taminant or can be added during technological processes. The daily dietary
intake of Ni ranges between 170 and 400 pg, although it may be up to
nearly 1 mg. Drugs containing Ni are an additional source of this element.
The WHO (World Health Organization) recommends 100-300 pg Ni for daily
intake (CorNELIS et al. 1995, IYENGAR 1998, KasPrzak et al. 2003). Gastrointes-
tinal absorption of Ni does not exceed 5% ( an average 1-2%). About 80% of
Ni is excreted mainly through the alimentary tract and kidneys (10 pg dai-
ly). Women retain 14% of consumed Ni, and men — 26%. High amounts of
Ni have been found in the skeleton, lungs, skin, muscles, liver, and brain
(an average 7,3 png kgl body weight). The mean Ni concentration is the
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following: < 1-2 png L1 in serum, 1-5 pg L1 in blood, and 17 + 2 pg kgl in
human milk (IYENGAR 1998, DENKHAUS, SALNIKOW 2002). In blood Ni is bound
primarily to albumin, histidine and a-macroglobulin. It can also cross the
placenta-blood barrier. Therefore, Ni concentrations in an adults and in
a human fetus were found to be similar (CHRISTENSEN 1995). An amount of Ni
absorbed via inhalation depends on particle size and solubility of its com-
pounds. It passes through blood to be deposited in the pulmonary tract or
eliminated. Citizens may inhale 0.2-1.0 pg of Ni per day. Cigarette smoking
may contribute about 4 pg Ni/pack. The primary source of Ni compounds
emission is industry related to fly-ash from burning fossil fuels, power plants,
and road transport. Occupational exposure occurs e.g. in mining, welding,
refining, alloy production, and electroplating. Soluble Ni compounds produced
due to Ni-alloys corrosion may be the cause of contact dermatitis and local
or systemic allergic reactions (CHRISTENSEN 1995, CorNELIS et al. 1995, KAsPRzAK
et al. 2003). Until present, no enzymes or cofactors containing Ni have been
found in higher organisms. Such enzymes, however, have been identified in
plant and bacterial cells (e.g. Helicobacter pylori) including urease, hydroge-
nase, CO-dehydrogenase, cis-trans isomerase, and Ni-superoxide dismutase.
Thus, Ni may be indirectly required for normal functions of the digestive
system. Animal experiments with Ni-deficient diet have demonstrated that
Ni deficiency may be manifested as increased perinatal mortality, decreased
growth and impaired iron (Fe) absorption from the intestine (anemia symp-
toms). Decreased activity of enzymes taking part in metabolism of carbohy-
drates, aminoacids and lipids (e.g. phospholipid synthesis) was also observed
(DENKHAUS, SALNIKOW 2002). In humans, Ni toxicity may be a result of inter-
actions of nickel with other elements, e.g. calcium (Ca), magnesium (Mg),
zinc (Zn), manganese (Mn) and iron (Fe). Ni forms stronger bonds with lig-
ands than bioelements i.e. Ca and Mg. Therefore, it can replace them in
biologically active compounds (DENKHAUS, SALNIKOW 2002, KAsPrzAK et al. 2003,
SibHU et al. 2004). In animals which were given NiSO, in drinking water
the concentration of Zn, Cu, and selenium (Se) in liver significantly de-
creased, but concentration of Ni and Fe significantly increased. Zinc (as
ZnSO,) supplementation to these animals brought back the concentrations
of elements to normal values. The authors suggest that Ni may promote
excretion of elements from tissues. Increase in Fe concentration may be an
implication of using the same absorption and transport mechanisms by both
elements (Ni and Fe) (SmoHU et al. 2004). However, in animals which were
given Fe-deficient diet, significantly increase in Ni concentration in serum,
kidneys, skin, liver, lungs and testes was reported (TALLKvVIST, TJALVE 1997).
Increased Ni level was also noted in blood of patients with renal failure,
rheumatoid arthritis, after acute myocardial infraction, in blood of patients
taking some drugs and persons drinking wine or beer. The participation of
Ni in allergic skin reactions is well documented now and it affects about
10% women and fewer men. This element is present in coins, jewellery,
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prosthesis and utensils. In 1990 IRAC (the International Agency for Research
of Cancer) has concluded that Ni and its compounds are carcinogenic to
humans. High amounts of Ni were found in the serum of patients with
some types of cancer (e.g. lung and larynx), in the lung tissue of refinery
workers and welders (even some hundred fold higher compared to the con-
trol group) and in breast cancer tissue (CHRISTENSEN 1995, CorNELIS et al.
1995, DENKHAUS, SALNIKOW 2002, KasprzAK et al. 2003).

The Ni concentration in physiological fluids is low and may fluctuate
during a 24-hour period. Therefore, we aimed to estimate the concentration
of Ni in human hair depending on gender and age, and also the correlation
between Ni and chosen elements (Ca, Mg, Zn, Cu, Fe, Pb, and Cd).

MATERIALS AND METHODS

Hair samples were taken from 220 persons (110 women and 110 men).
They were cut at 6 different points of head (3-4 cm counting from the scalp)
in amounts of about 0.5 g. The hair washed with redistilled water and ace-
tone was mineralized in mixture of acids: HNO4 and HCIO,. After minerali-
zation, any excess of acids was removed, while the post-mineralization mix-
ture was quantitatively transferred to volumetric flasks, which were filled
up with deionized water (0.06 mS cm™1).

Measurements were performed by the atomic absorption spectrometry
method using an atomic absorption spectrometer AAS AVANTA X (GBC)
equipped with an air-acetylene burner, graphite furnace GF3000 system with
Ultra-Pulse background correction and autosampler PAL3000.

Concentrations of Ca, Mg, Zn, Cu, and Fe were determined by the flame
technique FAAS under standard conditions, but concentrations of Pb, Cd, an
Ni were measured by the flameless technique (GFAAS). The analyses were
made in argon atmosphere as purging gas, in pyrolitic graphite tubes. The
sample volume injected to the furnace was 20 uL. The peak area mode was
used in calculations.

The instrumental parameters and analytical characterization of the
methods are listed in Table 1. Table 2 presents results of the reference
material analysis NCS 81002 (human hair). The data were verified by the
standard addition method and analysis of the reference material.

Our results were expressed in terms of means and medians. The follow-
ing methods were applied in statistical analyses: Shapiro-Wilks test of nor-
mality, Fisher test, ¢-Student test, Cochran-Cox, Kolmogorov-Smirnov test
(for non-parametric distributions), Pearson test (for correlations). The level
of statistical significance was assumed with p<0.05.



233

Table 1
Instrumental parameters and analytical characterization of the methods
Pyrolisis/ Calibration Limit of Sensivit
Wavelenght | /atomization range detection? 1y Precison
Element 1 1 (ng mL™)
(nm) temperature (ng mL™) (ng mL™) (pg)* (%)
CC) (ng mLY* | (ng mL7* pg
Ca 422.7 0.5-3.5 0.03 0.07 8.7
Mg 285.2 0.05-0.35 0.003 0.004 5.8
Zn 213.9 0.1-1.5 0.010 0.015 4.3
Cu 324.7 0.1-1.5 0.016 0.030 4.5
Fe 248.3 0.1-1.5 0.02 0.08 5.0
PbY 283.3 900/2000 1.5-15.0* 0.81" 5.8" 6.8
Ccd? 228.8 600/1800 0.15-1.50% 0.06" 0.36" 6.7
Ni 232.0 900/2400 1.5-15.0 0.66" 4.82° 8.7

Modifiers used: 1>NH4H2PO4,2)NH4NO3,3)Limit of detection (LLOD) defined as 3SD (n = 10)
4Characteristic mass defined as amount of element giving an absorbance of 0.0044.

Table 2
Results of the certified material NCS ZC 81002 analysis, x + s, n = 6 (ug g
Element Certified value Found value Acc(;;f x4
Ca 1090 = 72 1051 = 91 104.0
Mg 105+ 6 103 + 6 109.1
Zn 189 = 8 185+ 8 106.7
Cu 23014 22 +1.1 102.7
Fe 712+ 6.6 652 +5.1 99.2
Pb 72 0.7 74+ 0.5 93.4
Cd 0.095 + 0.012 0.105 + 0.007 107.5

RESULTS AND DISSUSION

The content of Ni and the other examined elements in women’s and
men’s hair is presented in Table 3. Concentrations of these elements in
female hair depending on age (below and above the age of 20 years) are
listed in Table 4, and in male hair — in Table 5. The mean Ni concentration
in hair of 220 volunteers was 0.24 + 0.24 ng g’!, (median 0.17 pg g1, range
0.01-1.77 ng g1, percentiles (5%-95%) 0.04-0.74 pg gl). In women’s hair
slightly higher concentration of Ni was found than in men’s (Table 3). In
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Table 3
Concentration of Ni and other elements in hair of women and men (ug g'l)
Specifica- | Mg Zn Cu Fe Pb cd Ni
tion
N =110 women
Mean 454 19 182 20 12 0.6 0.07 0.25
Median 286 16 177 11 9 04 0.05 0.18
S.D.* 509 43 78 45 15 0.6 0.05 0.28
Range 51 2 40 5 4 0.1 0.05 0.01
g 3197 112 514 368 127 3.1 0.40 1.66
Percentyle 70 5 63 7 5 0.1 0.05 0.03
5%-95% 1378 43 303 42 26 1.7 0.17 0.74
N =110 men
Mean 291 18 159 12 11 1.2 0.13 0.22
Median 195 13 161 11 9 0.7 0.05 0.17
S.D.* 326 18 53 7 12 1.8 0.35 0.19
Range 16 2 39 6 4 0.1 0.05 0.01
g 1854 108 394 60 134 134 29 1.01
Percentyle 66 3 64 7 5 0.2 0.05 0.05
5%-95% 1139 60 244 20 17 34 0.42 0.62
*S.D. — standard deviation
Table 4
Concentration of Ni and other elements in hair of women depending on the age
(ng gh
Specifica- | ) Mg Zn Cu Fe Pb cd Ni
tion
N =56 women < 20 years
Mean 407 17 169 17 13 0.8 0.07 0.27
Median 186 11 146 10 11 0.6 0.05 0.20
S.D. 523 18 93 38 12 0.6 0.04 0.29
R 51 2 52 7 5 0.1 0.05 0.02
ange 2523 112 514 296 92 2.8 0.23 1.66
Percentyle 64 4 56 7 6 0.1 0.05 0.04
5%-95% 1514 48 358 29 26 1.7 0.17 0.76
N =110 men > 20 years
Mean 503 22 195 24 12 0.5 0.08 0.23
Median 345 20 191 11 8 0.3 0.05 0.17
S.D. 494 13 55 51 17 0.6 0.07 0.26
Range 90 7 40 5 4 0.1 0.05 0.01
g 3197 91 328 368 127 3.1 0.40 1.63
Percentyle 109 8 72 7 4 0.1 0.05 0.02
5% - 95% 1378 41 276 94 33 1.7 0.17 0.53
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women aged < 20 years the hair Ni concentration was higher than in older
women (Table 4). In contrast, in hair adult men the Ni concentration was
significantly higher in comparison with adolescent men (p<0.05) — Table 5.
Due to a considerable variability range of the results, it seems reasonable
to take medians as the best measure of the general tendency. Table 6 con-
tains the Ni concentrations in human hair measured by other authors and
proposed reference values for this element. It is concluded that Ni content
in hair depends on sex, age, environmental and occupational exposition, nu-
tritional habits, cigarette smoking and even hair colour. In the hair samples
examined in the present experiment, the Ni concentration was significantly
positively correlated with Cd, Pb, Fe and Cu concentration, but negatively
correlated with Zn content. Similar observations, except Zn, are reported by
SENOFONTE et al. (1989), Nowak (1998), CHoJNACKA et al. (2005). Positive corre-
lations may suggest that interactions between elements are synergistic, op-
posite to the negative direction, which indicates an antagonistic relation-
ship. These interactions take place during absorption, transport, elimination,
and cumulation processes. Positive correlations between Ni, Cd, and Pb may
be a result of similar environmental exposition to heavy metals or smoking
cigarettes. However, in the case of Fe, a possible explanation could be that
Fe and Ni use the same absorption and transport processes, e.g. the diva-
lent cation transporter system DMT-1. The negative direction of correlation
between Ni and Zn concentrations confirms suggestions that Ni may both
participate in Zn metabolism and impair the immune system under condi-
tions excessive exposition to Ni.

Table 5
Concentration of Ni and other elements in hair of men depending on the age (ug g
Specifica- | Mg Zn Cu Fe Pb cd Ni
tion
N =63 women < 20 years
Mean 248 12 147 13 12 0.9 0.07 0.17
Median 159 10 147 11 10 0.7 0.05 0.15
S.D.* 305 12 61 9 16 0.8 0.04 0.11
R 16 2 39 7 4 0.1 0.05 0.01
ange 1756 89 394 60 134 48 0.25 0.62
Percentyle 43 2 59 7 5 0.2 0.05 0.05
5%-95% 638 24 246 32 17 2.5 0.14 0.36
N =110 men < 20 years
0.29
Mean 395 26 177 11 9 15 0.23
p<0.05
Median 234 18 173 10 9 0.7 0.08 0.23
S.D.* 346 21 35 4 3 2.6 0.52 0.24
R 66 5 101 6 5 0.1 0.05 0.04
ange 1854 108 257 29 18 134 2.90 1.01
Percentyle 100 7 129 7 6 0.2 0.05 0.06
5%-95% 1205 68 236 17 14 44 0.60 0.87
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Table 6
Content of Ni in hair according to other authors (ug g
OfN;lI:l};)elzs Arﬁl;;iﬁc Median Range Country Authors
0.6
106 1.3 0.0-34 Czech Bencko (1995)
95 (environmental | 0.0 - 207.9 | Republic
exposition)

44 1.17 0.45 - 12.45 India SaMaNTA et al. (2004)
92 0.868 0.349 Italy VIOLANTE et al. (2000)
100 0.43 0.32 0.027 - 2.03 Italy SENOFONTE et al. (1989)
266 0.75 0.30 0.03 - 10.0 Italy SENOFONTE et al. (2000)

0.02 - 0.20%* USA IYENGAR (1998)
32 0.23 0.08 - 0.90* | France GOULLE et al. (2005)
266 0.75 0.30 Poland Nowak (1998)
83 0.838 Poland | CnoJsNacka et al. (2005)

*Values reported as reference

Table 7
Pearson's correlation coefficient (r xy ) between concentration of Ni and other elements in hair
Specifica- | Mg Cu Fe Pb cd
tion
0.262 0.337 0.305 0.498
Women | -0.082 01241 001 00421 0,001 |p<0.00001 | p<0.00001
Wflggn 0.134 0.164 10.243 0.07 0.002 0.127 0.106
Women 0.284 0.606 0.481 0.823
> 20 0001 1 0031 1 05 | 0155 1 000001| p<0.001 |p<0.00001
0.193 0.354
Men -0.005 0.123 0.070 0.035 0.007 <005 | p<0.001
Men 0.435 0.414
<50 -0.009 0.079 -0.208 -0.048 0001 | 5001 | p<0.001
Men 0.307 0.326 0.332
- 90 -0.096 -0.018 0195 | 005 | pe0.0s 0094 | 005
CONCLUSIONS

1. Concentration of Ni expressed as a mean and a median found in the
tested samples of hair is within the reference range.
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2. Age and sex influence Ni concentration in hair. The mean Ni concen-
tration in women’s hair is higher in comparison to men’s hair. Moreover, it
is significantly higher in the group of men above 20 years of age.

3. The correlations between concentrations of Ni and other examined
elements such as Ca, Mg, Zn, Cu, Fe, Pb, and Cd reflect their mutual inter-
actions in biochemical processes (absorption, transport, cumulation, elimina-
tion). Positive correlations between Ni and Fe, Pb, and Cd can be linked
with the synergistic character of these relations, but the negative correla-
tion between Ni and Zn confirms antagonistic relations of both elements.
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MAGNESIUM FERTILIZATION
OF SOIL CONTAMINATED WITH HEAVY
METALS AND FORAGING OF SELECTED
GNAWING PESTS

Janina Gospodarek

Chair of Agricultural Environment Protection
University of Agriculture in Krakow

Abstract

Magnesium fertilization of soil has been recommended as one of the ways to limit
unfavourable effect of heavy metals on plants. Its effect may be connected with dimini-
shed heavy metal uptake by plants and changes in macroelement content. Therefore, the
same measure may also change the host plant usability for potential herbivorous insects.

The paper contains compiled results of research on the effect of magnesium fertiliza-
tion under conditions of soil contaminated with single heavy metals to level III of soil pol-
lution according to the IUNG classification, on the foraging of Bruchus rufimanus Boh.
and Sitona (Sitona sp.) on broad bean (Vicia faba L. ssp. maior).

It has been found that the applied fertilization level of soil contaminated with heavy
metals does not affect significantly the yield of broad bean seeds, the degree of their da-
mage due to Bruchus rufimanus or their germinating ability. Magnesium fertilization may
slightly increase germinating energy of broad bean seeds from plants growing on cadmium
contaminated soil. The effect of magnesium treatment under conditions of soil contamina-
tion with heavy metals on harmfulness of Sitona beetles to broad bean may be modified
by atmospheric conditions in individual seasons. Magnesium fertilization of soil polluted with
copper, lead, nickel and zinc to level III of soil pollution according to the IUNG classifica-
tion does not lead to an increase in the degree of broad bean leaf damage by Sitona be-
etles. On the other hand, magnesium fertilization of soil contaminated with cadmium to
level III of soil pollution in the IUNG classification may enhance broad bean plants’ attrac-
tiveness to Sitona.

Key words: heavy metals, magnesium, Sitona sp. Bruchus rufimanus Boh.
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NAWOZENIE MAGNEZOWE GLEBY SKAZONEJ METALAMI CIEZKIMI
A ZEROWANIE WYBRANYCH SZKODNIKOW GRYZACYCH

Abstrakt

Nawozenie magnezowe gleby jest polecane jako jeden ze sposobéw na ograniczenie
niekorzystnego oddzialywania metali ciezkich na rosliny. Moze sie to wigzaé ze zmniejsze-
niem pobierania metali ciezkich przez ro§liny i zmianami w zawartosci makrosktadnikow.
Tym samym zabieg ten moze réwniez zmieniaé¢ przydatno$é¢ rosliny zywicielskiej dla ewen-
tualnych roslinozercow.

W pracy zestawiono wyniki badan nad wplywem nawozenia magnezowego w warun-
kach gleby zanieczyszczonej pojedynczymi metalami ciezkimi na poziomie III stopnia zanie-
czyszczenia wg klasyfikacji IUNG na zerowanie strgkowca bobowego (Bruchus rufimanus
Boh.) oraz chrzaszczy oprzedzikow (Sitona sp.) na bobie (Vicia faba L., ssp. maior).

Stwierdzono, ze zastosowany poziom nawozenia magnezowego gleby skazonej pojedyn-
czymi metalami ciezkimi nie wplywa istotnie na plon nasion bobu, stopien ich uszkodzenia
przez strakowca bobowego ani tez ich zdolnosé kietkowania. Nawozenie magnezowe moze
nieco zwiekszaé energie kietkowania nasion bobu pochodzacych z roslin rosnacych w gle-
bie zanieczyszczone] kadmem. Wplyw nawozenia magnezowego w warunkach skazenia gle-
by metalami cigzkimi na szkodliwo$¢ chrzaszczy oprzedzikéw dla bobu moze by¢ modyfiko-
wany przez warunki atmosferyczne w danym sezonie. Nawozenie magnezowe gleby
zanieczyszczonej miedzia, olowiem, niklem i cynkiem na poziomie III stopnia zanieczyszcze-
nia wg klasyfikacji IUNG nie powoduje wzrostu stopnia uszkodzenia lisci bobu przez chrzagsz-
cze oprzedzikow. Nawozenie magnezowe gleby zanieczyszczonej kadmem na poziomie III
stopnia zanieczyszczenia wg klasyfikacji IUNG moze natomiast przyczynia¢ sie do wzrostu
atrakcyjnosci roslin bobu dla oprzedzikow.

Stowa kluczowe: metale ciezkie, magnez, Sitona sp. Bruchus rufimanus Boh.

INTRODUCTION

Magnesium fertilization of soils contaminated with heavy metals is rec-
ommended as one of the measures for reducing the uptake of these metals
by plants (Curzypro 1988). It may also improve the condition and growth
of plants growing on polluted soil (Jaworska, GospoDAREK 2003). Typically,
gnawing insects less eagerly attack plants from polluted areas (Boczexk,
SzZLENDAK 1992). Therefore, improvement of plant growth as a result of mag-
nesium treatment may enhance attractiveness of these plants to this pest
group.

The goal of the paper has been to compile the results of investigations
on the effect of magnesium fertilization of soil contaminated with single
heavy metals to level III of pollution according to the IUNG classification
on harmfulness of Sitona sp. and bean beetle Bruchus rufimanus Boh. to
broad bean Vicia faba L., ssp. maior.
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MATERIAL AND METHODS

The experiments were conducted in field conditions in Zagaje Stradowsk-
ie, a village in Swietokrzyskie Province. Observations were conducted on
broad bean (Vicia faba L., ssp. maior), cv. White Windsor, cultivated on the
following objects: unpolluted soil with natural heavy metal content (Con-
trol); unpolluted soil with natural heavy metal content receiving mineral
fertilization (control+NPK); soil polluted with 4 mg-kg! d.m. of cadmium;
soil polluted with a dose of 530 mg-kg! d.m. of lead; soil polluted with
copper dosed at 85 mg-kg!l d.m.; soil contaminated with a dose of 1.000
mg-kgl d.m. of zinc and soil polluted with 110 mg-kg! d.m. of nickel. The
established level of soil pollution corresponded to a moderate pollution level
in the IUNG classification. Identical magnesium fertilization was applied to
all the objects: 20.4 mg Mg-kg! d.m.

Harmfulness of bean beetle was assessed on the basis of the weight
of damaged seeds in relation to total seed mass. The assessment of broad
bean seed germination energy and ability was conducted in laboratory con-
ditions, following the generally accepted standards.

Harmfulness of Sitona sp. beetles was determined by measuring the
leaf area loss, the consumed area and by counting injured and non-injured
leaves. The damage was analysed twice (on 21.05.05 and 2.06.05). The sig-
nificance of differences between means was established by means of one-
way ANOVA. The means were differentiated by Duncan test at the signifi-
cance level p=0.05.

Plant samples for chemical analyses were collected at the seed milk
maturity stage. Because the experiment also assessed harmfulness of Aphis
fabae Scop. aphid, which is the most serious broad bean pest, the sampling
date was set to match its feeding period. Chemical analysis of the plant
material comprised determining the content of heavy metals (cadmium, lead,
zinc, copper and nickel). Detailed description of the methods applied was
presented in other papers (GosPODAREK, NADGORSKA-SOCHA 2007, GOSPODAREK
2008a).

RESULTS AND DISCUSSION

The applied magnesium fertilization caused 2-5 fold decline in the con-
tent of the analysed heavy metals in broad bean underground parts (Ta-
ble 1). On the other hand, in the aerial parts a reduction of the metal con-
tent in resulting from the application of magnesium fertilization occurred in
the case of zinc (Table 2). A similar effect of magnesium fertilization in rela-
tion to this element was noted in Italian ryegrass (GorracH et al. 1980).
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Table 1

The mean content of heavy metals in dry mass of roots of broad bean cultivated on soil with
natural heavy metal content, soil contaminated with heavy metals and after application
magnesium treatment (% in relation to control + NPK)

Content of heavy metals (% in relation to control + NPK)
Objects

Cd Cu Pb Zn Ni
Control 109 e 151a 8la 134 a 164 a
Control+Mg 46 a 62 a 79a 114 a 166 a
Control+NPK 100 e 100 e 100 @ 100 a 100 a
Control+NPK+Mg 41 a 51a 72 a 101 a 420 a
Cd 1838 ¢ - - - -
Cd+Mg 705 b - - - -
Cu - 1890 ¢ - - -
Cu+Mg - 485 b - - -
Pb - - 3397 ¢ - -
Pb+Mg - - 1005 b - -
Zn - - - 46766 ¢ -
Zn+Mg - - - 23831 b -
Ni - - - - 16810 ¢
Ni+Mg - - - - 3362 b

Values in columns marked with different letters are statistically different at p = 0.05

Broad bean cultivated on soil contaminated by an aggregated dose of the
analysed heavy metals, at an elevated content level in the IUNG classifica-
tion, was found to have a reduced uptake of Pb, Cd and Ni by roots and Zn
uptake by roots, leaves and pods under magnesium fertilization combined
with liming (JAworska, GosPODAREK 2005). In the case of copper and cadmi-
um, magnesium treatment did not significantly affect the content of these
elements in broad bean aerial parts, whereas for lead and nickel a slight
increase in their content was observed on contaminated soil subjected to
magnesium fertilization (GosPODAREK, NADGORSKA-SocHA 2007) — Table 2. In
the author’s former investigations, reduced content of cadmium and nickel
in broad bean pods was noted under the influence of magnesium fertilization
applied to soil contaminated with an aggregate dose of heavy metals (Cu, Cd,
Ni, Zn and Pb) to the level of elevated content (Jaworska, GosSPODAREK 2005).

Magnesium fertilization of soil contaminated with the analysed elements
did not affect significantly the degree of leaf injuries due to Sitona sp. at an
early stage of the plant development (15t date — 284 decade of May) —
Table 3, Figure 1 (GospopaREK 2008b). However, later (274 date — 15t decade
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Table 2

The mean content of heavy metals in dry mass of aerial plant parts of broad bean cultivated
on soil with natural heavy metal content, soil contaminated with heavy metals and after

application magnesium treatment (% in relation to control + NPK)

Content of heavy metals (% in relation to control + NPK)
Objects

Cd Cu Pb Zn Ni
Control 148 b 91b 1175 96 a 129 a
Control+Mg 58 a 131 ¢ 98 b 106 a 138 a
Control+NPK 100 b 100 b 100 b 100 @ 100 a
Control+NPK+Mg 53 a 72a 98 b 9la 104 a
Cd 438 ¢ - - - -
Cd+Mg 453 ¢ - - - -
Cu - 226 d - - -
Cu+Mg - 215d - - -
Pb - - 1310d - -
Pb+Mg - - 1960 e - -
Zn - - - 24263 ¢ -
Zn+Mg - - - 19104 b -
Ni - - - - 11798 b
Ni+Mg - - - - 13138 ¢

Values in columns marked with different letters are statistically different at p = 0.05

of June), under the conditions of cadmium contaminated soil, a slight in-
crease in the area damaged by Sitona sp. was noted following magnesium
treatment (Table 3). Also, per cent loss of leaf blade was slightly higher in
this object (Figure 1). No considerable effect of soil magnesium treatment
on the degree of broad bean plant damage due to this pest occurred on soil
contaminated with copper, lead and nickel. Plants growing on soil contami-
nated with zinc and subjected to magnesium fertilization were characterized
by a considerably worse growth but were not injured by Sitona beetles. In
the former research, magnesium fertilization of soil with elevated levels
of heavy metals applied jointly did not cause any increase in the degree of
broad bean damage caused by Sitona beetles (JaAworska, GOSPODAREK 2003).

Magnesium fertilization of soil contaminated with cadmium, copper and
lead did not affect significantly the seed yield or the degree of seed injuries
due to bean beetle (Table 4). The seed germination energy test revealed
beneficial effect of magnesium treatment under the conditions of cadmium
contaminated soil — Table 4 (GospoparREK 2008a). Plants growing on soil con-
taminated with zinc and nickel did not form seeds.



244

Table 3

Injuries caused by Sitona beetles on broad bean growing on natural soil (control,
control + NPK), soil polluted with individual heavy metals and after application magnesium

treatment (% in relation to control + NPK)

Leaves Leaves Total Total
. . consumed consumed
injured by injured by area per area per
Sitona sp. Sitona sp. larll)t lar?t
Objects (% in relation | (% in relation P . P .
(% in relation | (% in relation
to control+ to control+ 1 1
+NPK) «NPK) | ® C;‘if;{") |t iy
. + +
First date Second date First date Second date
Cd 123 a 112 e-g 265 a 79 c-e
Cd+Mg 190 a 125 g 258 a 191g
Cu 101 a 95d-g 200 a 66 a-e
Cu+Mg 3la 100 d-g 61la 54 a-d
Control 90 a 114 e-g 229 a 88 c-f
Control+Mg Oa 61 bc Oa 52 a-d
Ni 81a 99 d-g 145 a 30 a-d
Ni+Mg 16 a 94 d-g 58 a 47 a-d
Control+NPK 100 a 100 d-g 100 a 100 d-f
Control+NPK+Mg 19a 80 b-e 26 a 76 c-e
Pb 103 a 109 e-g 113 a 125 e-f
Pb+Mg 16 a 121g 3a 87 c-f
Zn Oa 52b Oa 6 ab
Zn+Mg 0a Oa Oa Oa

Means in columns marked with the same letter do not differ at p = 0.055
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Fig. 1. Leaf blade loss due to Sitona beetle feeding (% of total leaf area) in broad bean
growing on natural soil (control — C, control + NPK), soil polluted with individual heavy
metals and after application of magnesium fertilization. Means marked with the same letter
do not differ at p = 0,05. Assessments were presented only when statistical differentiation

between means existed
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Table 4

Injuries caused by Bruchus rufimanus Boh. beetles on broad bean growing on natural soil
(control, control+NPK), on soil polluted with individual heavy metals and after application
magnesium treatment. Germination energy and ability of broad bean seeds

. .Seeds Germination energy Germination ability
Average injured by
: (%) (%)
. seed weight | Bruchus
Objects
per plant rufimanus L o o o
(@) Boh. uninjured injured uninjured injured
(%) seeds seeds seeds seeds

Cd 7.501 ab 63.50 ab 0.011a 0.000 a 81.02 a 58.03 ab
Cd+Mg 8.210 ab 72.31 ab 20.03 b 33315 7331 a 60.05 ab
Cu 6.340 ab 61.40 ab 6.732 ab 1342 ab 93.31a 46.71 ab
Cu+Mg 4.733 ab 76.32 ab 0.000 a 0.000 a 8754 a 60.03 ab
Control 6.215 ab 89.53 ab 0.000 a 0.000 a 89.02 a 60.04 ab
Control+Mg 2.803 a 86.04 ab 0.000 a 0.000 a 72.01a 4501 a
Control+ 5.421 ab 55.53 a 0.000 @ 0.000 @ 87.03 a 47.02 ab
+NPK
Control+
+NPK+Mg 6.324 ab 90.51 ab 20.52 b 6.712 ab 85.04 a 73.10 b
Pb 7.501 ab 92.83 ab 0.000 a 20.03 ab 75.02 a 73.32b
Pb+Mg 9.323 b 98.12 b 0.000 a 13.31 ab 81.06 a 51.71 ab

Means in columns marked with the same letter do not differ at p = 0.055

CONCLUSIONS

1. Magnesium fertilization of soil contaminated with copper, lead, nickel
and zinc to pollution level III according to the IUNG classification does not
cause any increase in the degree of broad bean injuries by gnawing insects,

such as Sitona and bean beetle.

2. Magnesium treatment may have a beneficial effect, increasing broad
bean seed germination from plants growing on soil contaminated with cad-

mium.

3. Magnesium fertilization of soil contaminated with cadmium to pollu-
tion level III in the IUNG classification may contribute to improved attrac-
tiveness of broad bean plants for Sitona beetles.
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EFFECT OF CULTIVATION FACTORS
ON MAGNESSIUM CONTENT
IN AND REMOVAL BY THE POTATO
TUBER CROP
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Abstract

Studies were carried out on samples obtained from a field experiment conducted on
light loamy soil in 2002-2004. The experiment was set up as randomized sub-blocks with
three replications. Two methods of soil tillage, conventional and simplified, were compared
as well as seven weed control methods including application of herbicides or their mixtu-
res: Plateen 41,5 WG, Plateen 41,5 WG + Fusilade Forte 150 EC, Plateen 41,5 WG + Fusi-
lade Forte 150 EC + adjuvant Atpolan 80 EC, Barox 460 SL, Barox 460 SL + Fusilade
Forte 150 EC, Barox 460 SL + Fusilade Forte 150 EC + adjuvant Atpolan 80 EC and con-
trol object (mechanical weeding). Magnesium content and its removal by potato tuber crop
significantly depended on soil tillage methods, weed control methods and weather condi-
tions over the growing season. More magnesium was contained in tubers harvested from
the plots where reduced tillage had been applied (1.771 g kgl on average), compared with
1.762 g kgl under the conventional method. Herbicides and their mixtures applied to con-
trol weeds in the potato field significantly increased magnesium content in tubers and its
removal by tuber yield by an average 2.7% and 11.0%, respectively, compared with the
control where weeds were controlled by means of mechanical cultivation.

Key words: potato tubers, magnesium, content, uptake.

WPLYW ZABIEGOW AGROTECHNICZNYCH NA ZAWARTOSC I POBRANIE
MAGNEZU Z PLONEM BULW ZIEMNIAKA

Abstrakt

Badania wykonano na prébach pochodzacych z do$wiadczenia polowego przeprowadzo-
nego w latach 2002-2004 na glebie o sktadzie piasku gliniastego lekkiego. Eksperyment

dr inz. Marek Gugata, Chair of Plant Cultivation, University of Podlasie, Prusa 14, 08-110
Siedlce, e-mail: Gugala@ap.siedlce.pl
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zatozono metoda losowanych podblokéw w trzech powtérzeniach. Poréwnywano dwa spo-
soby uprawy roli — tradycyjna i uproszczong oraz siedem sposobéw odchwaszczania z udzia-
tem herbicydéw i ich mieszanin: Plateen 41,5 WG, Plateen 41,5 WG + Fusilade Forte 150
EC, Plateen 41,5 WG + Fusilade Forte 150 EC + adiuwant Atpolan 80 EC, Barox 460 SL,
Barox 460 SL + Fusilade Forte 150 EC, Barox 460 SL + Fusilade Forte 150 EC + adiuwant
Atpolan 80 EC, obiekt kontrolny pielegnowany mechanicznie. Zawarto§¢ magnezu i jego
pobranie z plonem bulw ziemniaka zalezaly istotnie od sposobéw uprawy roli, sposobéw
odchwaszczania 1 warunkow atmosferycznych w okresie wegetacji. Wiecej magnezu zawie-
raty bulwy ziemniaka zebrane z obiektéw uprawy uproszczonej — §rednio 1,771 g kgl w po-
réwnaniu z tradycyjna — srednio 1,762 g kgl. Herbicydy i ich mieszaniny zastosowane do
odchwaszczania plantacji ziemniaka podwyzszaly istotnie zawarto$¢ magnezu w bulwach —
Srednio o 2,7% i jego pobranie z plonem bulw — §rednio o 11,0% w poréwnaniu z obiektem
kontrolnym pielegnowanym mechanicznie.

Stowa kluczowe: bulwy ziemniaka, magnez, zawarto$é¢, pobranie.

INTRODUCTION

Potato tubers contain 1-1.2% mineral compounds, mainly potassium,
phosphorus, magnesium and calcium. Consumption of 200g of potatoes satis-
fies 12-30% of human needs with respect to these elements (LEszczyNSK1
2000). Mineral element content in potato tubers is affected by cultivar prop-
erties (KariM et al. 1997, ProSBa-BIALCZYK et al. 2002, ZARZECKA et al. 2002),
agronomic factors (RocoziNska et al. 1995, Wyszkowski 1996, Krikocka 2001,
Nowaxk et al. 2004) and weather conditions over the growing period (CZEKALA,
GLADYSIAK 1995, ZARzZECKA, GASIOROWSKA 2002). The results of studies concern-
ing impact of herbicides and soil cultivation methods on macroelement con-
tent in tubers vary as much as the researchers’ opinions (CEGLAREK, KSIEZAK
1992, Kukocka 2001). Thus, the objective of the present work has been to
determine the effect of soil tillage methods and weed control methods in po-
tato cultivation on magnesium content and its removal by potato tuber crop.

MATERIAL AND METHODS

The experimental material consisted of cultivar Wiking edible potato
tubers obtained from a field experiment conducted in 2002-2004. The experi-
ment was established on light loamy soil and belonged to the very good rye
complex. Selected chemical properties (organic matter, pH, available forms
of phosphorus, potassium and magnesium) of the experimental field soil are
presented in Table 1. The experiment was designed as randomised sub-blocks
with three replications. The following factors were examined: I — two meth-
ods of soil tillage: conventional and simplified, II — seven methods of weed
control including herbicide application (Table 2). Uniform mineral and or-
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Table 1
Chemical and physical characteristics of the soil
Specification 2002 2003 2004
Organic matter (g kg™ 11.3 11.3 115
pH 1 mol KC1 dm3 6.5 6.4 5.6
Content P (mg kg 38.8 43.0 62.5
Content K (mg kg™ 150.3 102.2 103.9
Content Mg (mg kg™ 70.0 157.0 159.0
Table 2

Experimental factors

1. Traditional (skimming + fall ploughing + harrowing +
I. Tillage systems + cultivating + harrowing)
2. Simplified (skimming + cultivating)

1. Control object - mechanical weeding until and after potato
rising

2. Plateen 41.5 WG (metribuzin + flufenacet) 2.0 kg hal

3. Plateen 41,5 WG (metribuzin +flufenacet) 2.0 kg hal +
+ Fusilade Forte 150 EC (fluazyfop-P-butyl) 2.5 dm? ha!
(mixture)

4. Plateen 41,5 WG (metribuzin +flufenacet) 1.6 kg hal+
+ Fusilade Forte 150 EC (fluazyfop-P-butyl) 2.0 dm3 hal +
+ adjuvant Atpolan 80 EC 1.5 dm3 hal (mixture)

5. Barox 460 SL (bentazone + MCPA) 3.0 dm3 ha!

6. Barox 460 SL (bentazone + MCPA) 3.0 dm3 ha! + Fusilade
Forte 150 EC (fluazyfop-P-butyl) 2.5 dm3 hal (mixture)

7. Barox 460 SL (bentazone + MCPA) 2.4 dm3 ha'! + Fusilade
Forte 150 EC (fluazyfop-P-butyl) 2.0 dm3 ha'! + adjuvant
Atpolan 80 EC 1.5 dm3 ha-1 (mixture)

II. Weed control methods

ganic fertilization comprising 90 kg N, 32.9 kg P and 112.1 kg K ha'l, and
25.0 t ha'l (farmyard manure) was applied.

Magnesium content was determined in tuber dry matter following wet
mineralization by the method of atomic absorption spectrophotometry (AAS).
Magnesium removal by tuber yield was calculated from the product of tuber
dry matter yield and Mg concentration. The results were statistically ana-
lysed with the analysis of variance and the significance of differences was
determined using Tukey’s test.

Weather conditions over the period of studies varied. The year 2002 was
warm and wet with high temperatures during the months of tuber forma-
tion (July and August). The next year was also warm but the precipitation
was insufficient as it reached barely 48.3% of long-term average sum. The
year 2004 was wet and cold. Air temperatures and precipitation constituted
116.6 and 95.0%, respectively, of the long-term averages (Table 3).
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Table 3
Weather conditions in 2002-2004
Months Mean
Years 1
Apr | May | June | July | Aug | Oct value
Temperature (°C)

2002 9.0 17.0 17.2 21.0 20.2 12.9 16.2

2003 7.1 15.6 184 20.0 185 135 155

2004 8.0 11.6 154 175 189 13.0 14.1
Multiyear mean

1981-1995 7.7 10.0 16.1 19.3 18.0 13.0 14.0

Rainfall (mm) Sum

2002 12.9 51.3 61.1 99.6 66.5 18.7 310.1

2003 13.6 37.2 26.6 26.1 4.7 24.3 132.5

2004 35.9 97.0 52.8 49.0 66.7 19.5 320.9
Multiyear mean

1981-1995 52.3 50.0 68.2 45.7 66.8 60.7 343.7

RESULTS AND DISCUSSION

Under conditions of the experiment the average magnesium content in
potato tubers ranged from 1.645 to 1.940 g kgl (Table 4). Significant effect
of the soil tillage methods, weed control methods and moisture and thermal
conditions on the magnesium concentration occurred. Magnesium content
in tubers was similar to the levels reported by other authors (Pro$Ba-Biat.czyk
et al. 2002, KoropziEJczYK, SzMIGIEL 2005, TERALIGN, HamMmES 2005, KozERA et
al. 2006). In the present study the reduced soil tillage increased the accu-
mulation of magnesium compared with the conventional tillage. In contrast,
Kuikocka (2002) recorded an increased magnesium content in tubers har-
vested from plots which had been conventionally cultivated in comparison
with the simplified cultivation. In their studies Krikocka and Komisarczuk
(2000) observed that the use of no-plough tillage increased magnesium con-
tent in spring triticale grain compared with the plough-based cultivation.

The herbicides applied to control weeds in potato fields increased mag-
nesium concentration in tubers by an average of 2.7% compared with me-
chanical weed control. The highest content of the macroelement appeared
in tubers of potato plants sprayed with mixtures of Plateen 41.5 WG + Fusi-
lade Forte 150 EC (on average 1.798 g kg'1), and Barox 460 SL + Fusilade
Forte 150 EC (on average 1.788 g kg'l). Similar changes were observed by
ZARZECKA, GASIOROWSKA (2002), who used herbicide mixtures and two applica-
tions of weed control chemicals. In contrast, Kuikocka (2002) found no influ-
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Table 4
Content of magnesium in potato tubers (g kg! d.m.)
Tillage systems Years
Weed control methods s ; ;- Mean
traditio- | simpli 2002 2003 2004
nal fied
1. Control object 1.719 1.734 1.645 1.865 1.670 1.727
2. Plateen 41,5 WG 1.763 1.777 1.694 1.918 1.699 1.770
3. Plateen 41,5 WG + Fusilade 1.794 1.807 1.780 1.930 1.692 1.798

Forte 150 EC
4. Plateen 41,5 WG + Fusilade 1.738 1.743 1.677 1.890 1.657 1.741
Forte 150 EC + Atpolan 80 EC

5. Barox 460 SL 1.765 1.787 1.710 1916 1.702 1.776
6. Barox 460 SL + Fusilade 1.792 1.785 1.720 1.940 1.705 1.788
Forte 150 EC
7. Barox 460 SL + Fusilade 1.769 1.769 1.694 1.895 1.714 1.769
Forte 150 EC + Atpolan 80 EC
Mean 1.762 1.771 1.703 1.909 1.691 1.767
Mean for 2-7 object 1.769 1.778 1.713 1.915 1.695 1.774
LSD, 45 — between:
tillage systems (I) 0.004
weed control methods (IT) 0.021
years (IIT) 0.007
interaction (I xIT) 0.008
(IT x III) 0.038
I x IT x ITI) 0.035

ence of chemical or mechanical and chemical weed control on the level
of magnesium in potato tubers. According to Rora, KieLocH (2001), pesticides
sprayed in a field to protect crop plants do not usually differentiate signifi-
cantly the content of macroelements in plants. However, when crops com-
pete with weeds, they can more easily take up individual elements.

Our analysis of the effect of the weather conditions during the experi-
ment revealed that the highest amount of magnesium was in the tubers
harvested in the warm and dry 2003. Differentiation of the magnesium con-
tent in tubers depending on weather conditions has also been reported in
the papers by Krikocka (2001), Zarzecka et al. (2002) and KorLobzIEJCZYK, SzMiI-
GIEL (2005).

Magnesium removal by potato tuber crop was influenced by the experi-
mental factors and weather conditions over the study years (Table 5). More
magnesium was removed from conventionally tilled plots (on average 14.78 kg
ha'l) compared with the plots where some cultivation operations were aban-
doned (on average 13.92 kg hal). It resulted from the fact that higher pota-
to tuber yield was harvested from conventionally-tilled plots. Increased re-
moval of magnesium, compared with the mechanically-tilled control, also
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Table 5
Uptake of magnesium with the yield of potato tubers (kg ha'l)
Tillage systems Years
Weed control methods I : i Mean
traditio- | simpli 2002 2003 2004
nal fied
1. Control object 13.49 12.75 16.12 11.61 11.64 13.12
2. Plateen 41,56 WG 14.19 13.72 17.13 12.53 12.21 13.96

3. Plateen 41,5 WG + Fusilade 15.05 14.74 18.87 13.03 12.80 14.90
Forte 150 EC
4. Plateen 41,5 WG + Fusilade 15.95 14.66 18.76 12.98 14.17 15.30
Forte 150 EC + Atpolan 80 EC

5. Barox 460 SL 14.11 13.60 16.43 13.45 12.19 14.02
6. Barox 460 SL + Fusilade 14.94 13.74 16.40 13.78 12.85 14.34
Forte 150 EC
7. Barox 460 SL + Fusilade 15.43 14.20 16.97 14.36 13.12 14.82
Forte 150 EC + Atpolan 80 EC
Mean 14.78 13.92 17.24 13.11 12.71 14.35
Mean for 2-7 object 14.95 14.11 17.43 13.36 12.89 14.56
LSDg 5 — between:
tillage systems (I) 0.16
weed control methods (IT) 0.74
years (IIT) 0.25
interaction (I xII) 0.29
(IT x III) 1.29
(IxIIxIID) n.s.

n.s. — not significant

occurred after herbicide application. The increase ranged from 0.84 kg hal,
following spraying with Plateen 41.5 WG (treatment 2) to 2.18 kg hal fol-
lowing an application of a mixture of Plateen 41.5 WG + Fusilade Forte 150
EC + adjuvant Atpolan 80 EC, compared with the mechanical control. Higher
magnesium uptake was mainly associated with higher potato yields in the
plots where weeds were chemically controlled. Magnesium removal associat-
ed with tuber yield was similar to the values cited by GrzeSkiEwicz and Maz-
URCzYK (2001), ranging from 13.1 to 20.1 kg ha'l.

CONCLUSIONS

1. Reductions in soil tillage increased magnesium content in potato tu-
bers compared with the conventional tillage. However, the removal of the
element by potato tuber crop was higher in conventionally tilled plots.

2. Herbicides applied in potato cultivation increased magnesium content
in tubers compared with the control.
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3. Magnesium concentration and its removal by potato crop increased as
a result of intensification of weed control in potato field.
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Abstract

The paper presents the results of research on magnesium effect on beneficial entho-
mopathogenic fungi and nematodes as well as some predatory arthropods.

Magnesium fertilization of soil contaminated with heavy metals does not significantly
affect numbers of the majority of epigeal invertebrates, but it may influence numbers of sin-
gle species, favouring the occurrence of some (Bembidion sp.) while restricting the pre-
sence of others (Harpalus rufipes De Geer).

Magnesium synergism with heavy metal ions has been found to increase infective-
ness and pathogenicity of enthomopathogenic fungi. Magnesium, in a dose of 160 mg-dm™
present in the medium, significantly enhances pathogenicity of fungi, such as Beauveria
bassiana, Paecilomyces farinosus, Paecilomyces fumoso-roseus or Metarhizium ansopliae.
Increased pathogenicity of Steinernema carpocapsae and Heterorhabditis bacteriophora to-
wards test insects has also been observed when magnesium ions were added to a solution
in which these nematodes were kept. An effective magnesium dose differed depending
whether the nematodes were used separately for test insects (450 mg-dm™) or jointly with
enthomopathogenic fungi (320 mg-dm3). This protective effect of magnesium ions on be-
neficial microorganisms has also been observed in soil contaminated with heavy metals.
An addition of magnesium to a solution in which enthomopathogenic nematodes were kept
(160 mg-dm3) and to a medium on which fungi were cultured (320 mg-dm3) increased
pathogenic abilities of these organisms in contaminated soil to a very high degree (10- to
300- fold higher than the natural heavy metal content in soil).

Keywords: magnesium, epigeal fauna, enthomopathogenic fungi, enthomopathogenic
nematodes.
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WPLYW MAGNEZU NA WYBRANE ORGANIZMY POZYTECZNE
Abstrakt

W pracy zestawiono wyniki badan nad wplywem magnezu na pozyteczne grzyby i ni-
cienie owadobdjcze oraz wybrane stawonogi drapiezne.

Nawozenie magnezowe gleby skazonej metalami ciezkimi nie wplywa istotnie na li-
czebno$§é wigkszosci grup bezkregowcéow naziemnych, moze jednak wplywaé na liczebnosé
pojedynczych gatunkow, sprzyjajac wystepowaniu jednych (Bembidion sp.), a ograniczajac
wystepowanie innych (Harpalus rufipes De Geer).

Stwierdzono synergizm magnezu z jonami metali ciezkich w podnoszeniu infekcyjno-
Sci 1 patogenicznosci grzyboéw owadobdjczych. Magnez obecny w pozywce, w dawce
160 g-dm3, istotnie podwyzszal patogenicznosé takich grzybéw, jak: Beauveria bassiana, Pa-
ecilomyces farinosus, Paecilomyces fumoso-roseus, Metarhizium ansopliae. Zaobserwowa-
no rowniez zwiekszenie patogenicznosci nicieni owadobdjczych Steinernema carpocapsae
i Heterorhabditis bacteriophora wobec owadéw testowych po dodaniu jonéw magnezu do
roztworu, w ktorym przechowywaneo te nicienie. Efektywna dawka magnezu byta zrézni-
cowana, zaleznie od tego, czy nicienie stosowano samodzielnie wobec owadow testowych
(450 mg-dm3), czy tez wraz z grzybami owadobédjczymi (320 mg-dm3).

Obserwowano takze protekcyjny wplyw jonéw magnezu na pozyteczne mikroorgani-
zmy w warunkach gleby zanieczyszczonej metalami ciezkimi. Dodanie magnezu do roztwo-
ru, w ktérym przechowywano nicienie owadobdjcze (160 mg--dm™), i do pozywki, na ktérej
hodowano grzyby (320 mg-dm), zwiekszalo zdolnosci patogeniczne tych organizméw w wa-
runkach gleby skazonej metalami ciezkimi nawet w bardzo wysokim stopniu (10-300-krot-
nie wyzsza zawarto§¢ metali ciezkich w glebie ponad zwarto$¢ naturalna).

Stowa kluczowe: magnez, fauna naziemna, grzyby entomopatogenicze, nicienie entomo-
patogeniczne.

INTRODUCTION

Both representatives of beneficial epigeal enthomofauna (Carabidae, Sta-
phylinidae, Arachnida) and beneficial microorganisms (enthomopathogenic
fungi and nematodes, such as: Beauveria bassiana, Paecilomyces farinosus,
Paecilomyces fumoso-roseus, Metarhizium ansopliae, Steinernema carpocap-
sae and Heterorhabditis bacteriophora) are an important factor allowing to
maintain populations of many harmful insects at a level which does not
pose any threat to agronomic crops. The efficiency of these organisms may
be modified by the effect of soil anthropogenic pollution such as heavy met-
als (Jaworska et al. 1996, Jaworska et al. 1997 a, c). Frequently, besides lim-
ing, magnesium fertilization of soils polluted with heavy metals is mentioned
as a means to diminish their toxicity. Magnesium may be used for simple
chemical stimulation of the pathogenicity of beneficial microorganisms.

This paper presents a compilation of the results of research on the ef-
fect of magnesium fertilization of soil contaminated with heavy metals on
beneficial epigeal fauna and investigations on potential practical enhance-
ment of the effectiveness of enthomopathogenic fungi and nematodes by
means of their conditioning with magnesium.
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MATERIALS AND METHODS

The paper comprises results of field and laboratory analyses. The field
experiment was conducted in 2000 on an arable field in Zagaje Stradowskie,
a village in the Swietokrzyskie Province. Broad beans (Vicia faba L. ssp.
maior), cv. White Windsor was cultivated on the following objects:

1. Control (soil with natural content of heavy metals: 8.2 mg Cu, 52.9 mg
Zn, 28.2 mg Ni and 0.6 mg Cd-kgld.m. soil);

2. Soil contaminated with heavy metals dosed: 2 mg Cd, 15 mg Ni, 30 mg
Cu, 70 mg Zn and 80 mg Pb-kg! d.m. soil);

3. Soil receiving magnesium fertilizer (50 kg MgO-hal) and contaminat-
ed with heavy metals;

4. Soil receiving magnesium fertilizer (50 kg MgO-ha'l) and liming
(2900 kg CaO-ha'l), contaminated with heavy metals.

Analyses on enthomopathogenic fungi and nematodes were conducted
under laboratory conditions using various concentrations of magnesium in
media for fungi culturing or in aqueous solutions for keeping nematodes.
The methods were presented in detail in other papers (JAwORSKA, GOSPODAREK
2003 a, b, Jaworska et al. 1996, JAWORSKA et al. 1999).

RESULTS AND DISCUSSION

Soil contamination with heavy metals causes a decrease in the abun-
dance of captured epigeal fauna (Figure 1). Magnesium fertilization and lim-
ing of contaminated soil does not significantly influence the counts of most
analyzed invertebrate groups, but it may affect the numbers of individual
species. In the case of small Bembidion (Col., Carabidae) beetles a slight
increase in the number of trapped insects may be observed in soil contami-
nated with heavy metals after application of magnesium fertilization. On
the other hand, a common Carabidae Harpalus rufipes De Geer species,
which occurred as numerously in soil contaminated with heavy metals as in
the control, was considerably less often trapped on the magnesium fertilized
object. The data on the effect of liming on epigeal fauna are quite diver-
gent. In some research, the number of trapped epigeal fauna after liming
of the polluted soil increased. Differences in the response to various degrees
of farming intensity were also noted among various Carabidae species
(Jaworska 1997, Parosz 1998). On fields under the most intensive farming
system, fewer Carabidae were trapped. The species which most strongly de-
creased in number under more intensive insecticidetreatments included Cara-
bus auratus L., Pterostichus cupreus L., Pterostichus melanarius III. and
Amara sp. On the other hand, Pterostichus lepidus Leske species was more
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numerously caught on a field where more intensive chemical protection was
used. The latter fact was explained by the authors as a result of diversified
phenology of this species occurrence and therefore its smaller exposure to
pesticide poisoning. In the above research both Ophonus rufipes De Geer
species and Bembidion sp. genus were significantly less numerously trapped
on the most intensively farmed fields in comparison with extensive tillage,
although a greater (3-fold) decline was found for Bembidion sp. beetles.

Enthomopathogenic fungi are quite tolerant to heavy metal presence in
the environment (Roux et al.1993). The limits of this tolerance may change
under the influence of interaction between metal ions (Jaworska, ToMASIK
1999). Investigations on the effect of various metals on the growth of en-
thomopathogenic Paecilomyces fumoso-roseus fungus colonies and its infec-
tiveness towards Bruchus pisorum L. evidenced a marked (ca 25%) increase
in infectiveness of this fungus owing to 160 mg-dm™ supplement of Mg ions
added to the medium (Table 1). The effect occurred despite the fact that mag-
nesium did not reveal positive influence on the growth of fungal colonies.
The result of combining Mg with other metals on the fungus was also investi-
gated. Various metal ions previously added to the medium caused an inhibi-
tion of fungal colony growth and, in most cases, a decline in its infectiveness.
On the other hand, a supplement of magnesium ions added to media which
had already contained single metals (Al, Fe, V, Cr or Pb) alleviated the toxic
effect and enhanced the infectiveness of fungi as compared with the control.

The research on potential chemical stimulation of enthomopathogenic
activity of other fungal species towards a legume pest Sitona lineatus L.
demonstrated that Mg ion in the medium (160 mg-dm) significantly raised
pathogenicity of such fungi as Beauveria bassiana, Paecilomyces farinosus,
Paecilomyces fumoso-roseus or Metarhizium ansopliae (Table 1).
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Table 1
Effect of mangesium on enthomopathogenic fungi and nematodes
Investigated feature Control Mg

Mortality (%) of Bruchus pisorum L. on the 5th day after its contact with
P. fumosoroseus grown on agar broth with added Mg ions
(160 mg-dm™) 73.30 b* |93.30
Mortality (%) of Sitona lineatus L. on the 5th day after its contact with
enthomopathogenic fungi grown on a media with Mg ions (160 m-dm™):
Beauveria bassiana 46.60 a | 100.0 b
Paecilomyces farinosus 36.60a | 66.70 b
Paecilomyces fumoso-roseus 36.60a | 50.00 a
Metarhizium ansopliae 43.30a | 63.30b6
Mortality (%) of Galleria mellonella on the 5th day after its contact with
enthomopathogenic fungi and nematodes grown on a medium with Mg
ions (mg-dm™):
Beauveria bassiana 24.20 a
Mg 450 38.70 a
Mg 320 71.30 a
Mg 160 62.10 @
Steinernema carpocapsae 65.10 a
Mg 450 95.10 b
Mg 320 76.4 0 ab
Mg 160 81.00 ab
S. carpocapsae+B. bassiana 70.20 ab
Mg 450 87.60 ab
Mg 320 99.00 b
Mg 160 78.80 a
Effect of conditioning nematodes in aqueous solutions of Mg
(160 mg-dm™) ions on their pathogenicity (mortality (%) of Sitona
lineatus L. on the 7th day after its contact with enthomopathogenic
nematodes)
Steinernema carpocapsae 75.10a | 100.0 b6
Heterorhabditis bacteriophora 4740a | 91.70 6
Effect of conditioning nematodes in aqueous solutions of Mg
(160 mg-dm™) ions on their reproduction inside the S. lineatus body
(number of nematode invasive larvae per mg body weigth)
Steinernema carpocapsae 77.00a | 144006
Heterorhabditis bacteriophora 1110a | 184.056
Mortality (%) of Galleria mellonella on the 2 day after its contact with
enthomopathogenic nematodes (conditioned in aqueous solutions
of Mg (mg- dm?):
Steinernema carpocapsae 80 a
32 100 &
320 100 &
Heterorhabditis bacteriophora 80a
32 100 &
320 100 &

*Means for each property marked with the same letter do not differ at P> 0.05.
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Heavy metals, such as cadmium, copper, zinc and lead, cause increased
mortality of enthomopathogenic nematode infective juveniles as well as de-
crease their pathogenicity towards test insects and reproduction (JAWORsSKAa,
Gorczyca 2002). In an experiment using soil strongly contaminated with heavy
metals, decreased infectiveness of these beneficial microorganisms was found
(RopEK, Gorczyca 2000). Analogously to enthomopathogenic fungi, a beneficial
effect of magnesium ions was found for nematodes, visible as their increased
pathogenicity (JAworska et al. 1996, Jaworska et al. 1997 a,b). In experiments
on stimulating enthomopathogenic activity of fungi and nematodes applied
jointly on Galeria mellonella test insects it was found that, among three
tested Mg ion concentrations, the concentration of 320 mg-dm™ increased
most infectiveness of the analyzed microorganisms. When only Steinernema
carpocapsae nematodes were used for the test insects, the highest mortality
of Galeria mellonella caterpillars was obtained at the highest Mg ion concen-
tration (450 mg-dm™) used for the nematode stimulation (Table 1). An ad-
vantageous effect of keeping S. carpocapsae and Heterorhabditis bacterio-
phora nematode in aqueous Mg solution (160 mg-dm™) was also found when
various development stages of Sitona lineatus L. were controlled using these
organisms (Table 1). In this case, magnesium acted positively by increasing
reproduction of the nematode species.

The experiments on magnesium interaction with heavy metal ions add-
ed to soil towards enthomopathogenic fungi and nematodes revealed that
magnesium supplement to a solution used for keeping nematodes
(160 mg-dm™) and to a medium for fungi (320 mg-dm) enhanced patho-
genicity of both organisms in soils with heavy metals 10- to 300-fold exceed-
ing their natural content (Jaworska 1999).

CONCLUSIONS

1. Magnesium fertilization of soil contaminated with heavy metals does
not affect significantly the number of most epigeal invertebrate groups, al-
though it may influence single species, favouring some (Bembidion sp.) but
limiting the occurrence of others (Harpalus rufipes De Geer).

2. A supplement of magnesium ions added to a solution used for keeping
enthomopathogenic nematodes or to a medium for fungal cultures may be
recommended as a simple method to stimulate biological activity of these
microorganisms.

3. Magnesium can also protect the above microorganisms in soil pollut-
ed with heavy metals.
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THE EFFECT OF PROGRESSIVE
ACIDIFICATION OF LESSIVE SOIL
ON ZINC CONTENT AND ITS
TRANSLOCATION IN SOIL PROFILE
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Abstract

In Poland 11% of soils feature elevated zinc content or slight zinc contamination. This
investigation aimed at estimation of the effect of progressive acidification of slightly zinc-
contaminated soils on zinc content in plants and translocation of this metal downwards the
soil profile. The study involved a two-year lysimetric experiment on lessive soil. The amo-
unt of zinc indicating slight soil contamination was introduced into 0.2 m of topsoil, which
was subjected to progressive acidification with sulfuric acid solution in the course of the
experiment.

Zinc content proved to considerably increase in plants (barley straw and maize) only
under strong acidification. Soil reaction did not significantly influence the zinc content in
soil, both total and assayed in HCI zinc forms, while a considerable increase in easily solu-
ble zinc forms (in CaCl, solution) occurred on strongly acidified soils.

Considering the whole research period, increasing soil acidification did not result in
any alterations involving zinc content in Bbr and C horizons of soil profiles (below
30 cm).

Key words: Zn, soil reaction, plants, lysimeters.

dr Jacek Kiepul, Institute of Soil Science and Plant Cultivation, State Research Institute
in Putawy. Experimental Station, ul. Lakowa 1, 55-230 Jelcz-Laskowice, Poland, phone:
(071) 318 36 44



266

WPLYW SYSTEMATYCZNEGO ZAKWASZANIA GLEBY PLOWEJ NA ZAWARTOSC
CYNKU W ROSLINACH ORAZ JEGO PRZEMIESZCZANIE
W PROFILU GLEBOWYM

Abstrakt

W Polsce 11% gleb charakteryzuje si¢ podwyzszona zawartoscig lub stabym  zanie-
czyszczeniem cynkiem. Celem pracy byto okreslenie wptywu systematycznego zakwaszania
gleby stabo zanieczyszczonej cynkiem na zawartos¢ tego pierwiastka w roslinach i jego prze-
mieszczanie w glab profilu glebowego. Badania prowadzono w trakcie dwuletniego doswiad-
czenia lizymetrycznego na glebie plowej. Do warstwy gleby 0-20 cm dodano cynk w iloSci
odpowiadajacej stabemu zanieczyszczeniu tym pierwiastkiem. W czasie badan glebe syste-
matycznie zakwaszano, stosujac roztwor kwasu siarkowego.

Stwierdzono, ze zawarto$¢ cynku w roslinach (jeczmien-stoma i kukurydza) istotnie
wzrosta tylko na najbardziej zakwaszanych obiektach. Odczyn gleby nie wptywal istotnie
na zawarto$é catkowitych i oznaczanych w HCI form cynku w glebie. Natomiast zawartos§¢
tatwo rozpuszczalnych form cynku (w roztworze CaCly) istotnie wzrosla w najbardziej za-
kwaszonych glebach. Rosnace zakwaszenie gleby nie wptynelo w trakcie badan na zawar-
tos¢ cynku w poziomach Bbr i C profilu glebowego (ponizej 30 cm).

Stowa kluczowe: Zn, formy, pH gleby, rosliny, lizymetry.

INTRODUCTION

In Poland, soils characterized by elevated zinc content (I°) or slightly
contaminated with zinc (II°) constitute 11 % of agricultural acreage (MERCIK
at al. 2003). Mobility of this metal is related to soil properties, especially its
reaction (GorracH, GaMBUS 1991, MERcIK et al. 2003). Therefore, prolonged
acidification of soil potentially facilitates increased accumulation of zinc in
plants and its translocation downwards the soil profile.

The aim of the work was to examine the effect of progressive soil acidi-
fication on zinc accumulation in plants, as well as on translocation of this
metal from topsoil downwards the soil profile under slight soil contamina-
tion with zinc.

MATERIAL AND METHODS

In 2002-2003, a study was completed based on a lysimetric experiment.
Lysimeters of 0.5 m2 area and 1m depth were filled with lessive soil main-
taining its natural genetic levels. Selected physicochemical soil properties
are shown in Table 1. When filling lysimeters with soil, zinc in the form
of Zn(NO3), was introduced to 0-20 cm topsoil in the amount indicating slight
soil contamination (II°) with this metal. In this experiment it reached 350 mg
Zn-kgl. The experimental design involved 5 treatments (each with three
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Table 1
Some properties of lessive soil used in experiment
Horizon, Fraction 7n conte_rllt
depth (%) C org. KO CEC* (mg-kgh
(em) | -0.02 | <0.002| (g-kgh | P (mmol(+)-kg™) soil extract
mm mm HCIO, HC1 CaCl,
Ap
(0-30) 17 9 9.0 5.8 106 36.4 16.5 2.72
Bbr
(30-60) 15 6 4.2 5.5 68.3 19.9 6.07 0.85
C
(60-90) 10 4 1.5 54 435 7.15 2.42 0.60

* CEC - cation exchangeable capacity

replications), representing various effects produced by factors regulating soil
reaction. According to the experimental design, the soil in treatment 1 re-
ceived two limings with a mixture of calcium carbonate and magnesium,
following 0.5 Hh (spring and fall 2002) in order to prevent its acidification.
The soil in objects 3-5 was systematically acidified using increasingly higher
quantities of sulfuric acid solution which, expressed as (S), amounted yearly
to 50, 150 and 300 kg-ha'l, respectively. Diluted sulfuric acid was spread on
soil surface. Thus, the topsoil reaction (0-20 cm) was diversified during the
investigation, with the pH values ranging from 4.7 to 6.1 (Table 2). Plants
subjected to the test were spring barley (2002) and winter rape (2002/2003).
The latter, because of its unsatisfactory winter survival, was removed and
then maize was sown on that stand to be harvested in the early dough
stage. In the years of the experiment, monthly precipitation generally did
not exceed average multi-year values, while at the turn of 2002 and 2003
and in the subsequent months winter — spring drought occurred. The period
between February and July received merely 47% of the average precipita-
tion for many years. When the experiment was completed, soil samples were
collected from the whole profile at every 10 cm to undergo the following
analysis: pH was assayed with the potentiometric method in 1 mole KCl-dm,
total Zn content was determined by sample etching in perchloric acid (Anon-
im 1987) and soluble forms of this metal were assayed in 1 mole HCl-dm™
(GEMBARZEWSKI et al. 1987) and 0.01 mole CaClZ-dm'3 (Novozamsky et al. 1993).
Plant samples were subjected to mineralization according to the microwave
technique and zinc was assayed through the AAS method. Statistical analy-
sis was applied using AWAR computer program.
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Table 2

Zinc content in soil (mg-kg?) after completion of the experiment as dependent on soil
pH and soil extract solution

; Treatment
Sm(lmls)yer 1 2 3 4 5 F5Dus
pH value
0-20 6.1 5.6 54 5.0 4.7 -
20-30 5.9 5.8 5.7 5.3 4.9 -
30-40 5.6 5.6 5.6 55 55 -
HCI1O, (ANoNiM 1976)
0-20 185.2 184.6 180.5 182.7 179.3 ns.
20-30 114.7 117.3 119.1 117.6 119.8 n.s
30-40 19.6 21.0 20.5 20.0 21.0 n.s
1 mol HCI (GEMBARZEWSKI et al. 1987)
0-20 153.6 154.2 156.8 155.3 158.4 n.s
20-30 73.1 744 74.2 744 77.8 n.s
30-40 6.40 6.83 6.45 6.68 6.97 n.s
0.01 mol CaCl, (NovozamsKy et al. 1993)

0-20 19.11 20.95 21.34 26.58 34.96 2.87
20-30 11.07 11.34 11.39 12.92 17.18 1.65
30-40 0.88 0.88 0.90 0.90 0.95 n.s.

RESULTS AND DISCUSSION

Gradual acidification of soil in the conditions of its slight contamination
with zinc did not significantly affect yielding of cultivated plants (Table 3).
However, on the most acidified treatments (4 and 5) zinc content in barley
straw and maize did considerably increase as compared to non-acidified ones
(1 and 2). In spite of this, the critical values taken for assessment of plant
for consumption or fodder were not exceeded (KaBaTa-PENDIAS et al. 1993).

Total zinc content in soil and that assayed in HCl extract were not
significantly dependent on soil reaction (Table 2). However, opinions regard-
ing the influence of soil reaction on zinc solubility are contrary. MERCIK et
al. (2003) demonstrated no effect on the total Zn form and the one extracted
with HCl solution, while GorLacH and GaMmBUS (1991) and KiEkeNS (1995) re-
ported that regardless the form of zinc, its solubility depended on soil reac-
tion and decreased proportionally to the increase in pH value.
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Table 3
Zinc content in dry matter yields of barley and maize (mg-kg'1 DM)
and yield data (g per lysimeter)
Yield Zn content
Treatment barley ) barley .
- maize - maize
grain straw grain straw

1.Ca-2x 0.5 Hh 174.2 280.9 870.6 29.14 32.61 37.25
2. Ca-0; S-0 162.1 274.3 867.4 31.05 34.02 39.93
3. 5-50 kg* 171.6 279.1 873.5 31.43 34.14 40.78
4. S-150 kg* 184.8 287.4 892.1 32.09 36.07 44.92
5. S-300 kg* 180.3 281.2 914.7 33.68 39.12 54.16
LSDO0.05 n.s. n.s. n.s. n.s. 3.21 4.15

*Dose of sulfuric acid solution expressed as sulfur — S (kg-hal-year?)

The smallest amount of zinc was assayed in CaCl, extract (Table 2). On
the treatments characterized by slightly acid soil reaction (1 and 2), such
zinc equalled 10.8% and when the soil reaction was 4.7 pH it reached 19.5%
of the total zinc value. Therefore, our results are in agreement with the
literature data, which implicate that on acid soils the quantity of soluble
zinc forms increase, which favours availability of this element to plants (Gog-
LACH, GAMBUS 1991, MERCIK et al. 2003).

Under progressive soil acidification, values of zinc forms assayed in soil
profile below 30 cm did not increase. This can suggest that when soil con-
tamination with zinc is slight, zinc accumulates in the arable layer but is
not translocated downwards soil profile does. However, the present results
could have been affected by the weather conditions. It is apparent that trans-
location of components in soil is strongly related to water content in soil as
well as predominant direction of its movement (Koc et al. 2003). Taking into
account the amount and distribution of precipitation in the course of this
investigation, it is possible to hypothesize that rinsing was limited, which
can be confirmed by the absence of soil leachate in the years when this
experiment was conducted.

CONCLUSIONS

1. Gradual soil acidification under slight soil contamination with zinc did
not significantly influence the yielding of cultivated plants.

2. Zinc content in plants, mainly in barley straw and in maize, consider-
ably increased only on highly acidified treatments, but its amounts did not
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exceed the critical values established for plants for consumption (barley grain)
or fodder (barley straw and maize).

3. Total zinc content and zinc assayed in HCI extract in soil were not
dependent on soil reaction, while on the most acidified treatments, the zinc
content assayed in CaCl, extract did significantly increase in Ap (0-30 cm)
horizon.

4. Under progressive soil acidification, no evidence emerged suggesting
increase in zinc forms assayed in Bbr and C horizons of soil profiles (below
30 cm).
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AND MICRONUTRIENTS CONTAINED
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ON POTATO TUBERS YIELD (SOLANUM

TUBEROSUM L.) AND INFESTATION
OF TUBERS WITH STREPTOMYCES

SCABIES AND RHIZOCTONIA SOLANI
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Abstract

Elemental sulphur and Kieserite fertilization have been demonstrated to improve po-
tato tuber (Solanum tuberosum) yield quality and resistance against Streptomyces scabies;
the bacterial effect was attributed to reduced soil pH. So far, no information has been
available about the influence of S, Mg and supply of micronutrients on bacterial and fun-
gal diseases of potato plants. Field trials performed in a split-plot design with varied fertili-
zation treatments (NPK with/without S and Mg and microelements B, Zn, Mn, Cu fertili-
zation) including three potato cultivars were conducted in the south eastern region (near
Zamos§é) of Poland in 2004-2006. The application of S and Mg and micronutrients decre-
ased the tuber infection rate and severity of Streptomyces scabies and Rhizoctonia solani,
while increasing potato tuber yield. Generally, tuber yield and wholesomeness were mostly
related to a genotype (cultivar), mineral fertilization treatments and their interaction with
a cultivar.

Key words: potato tuber, mineral fertilization treatments, Streptomyces scabies, Rhizocto-
nia solani.
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WPLYW WZBOGACENIA NAWOZENIA NPK DODATKIEM S, Mg
I MIKROELEMENTOW ZAWARTYCH W PLYNNYM NAWOZIE INSOL 7 NA PLON
I PORAZENIE BULW ZIEMNIAKA (SOLANUM TUBEROSUM L.)
PRZEZ STREPTOMYCES SCABIES 1 RHIZOCTONIA SOLANI

Abstrakt

Nawozenie ziemniaka siarkg elementarng i kizerytem podwyzsza plon bulw, poprawia
ich jako$¢ i odporno$¢ na porazenie przez Streptomyces scabies. Obnizenie odczynu gleby
(pH) wskutek nawozenia S-elementarna moze ogranicza¢ wplyw choréb grzybowych. Jed-
nakze brak jest szerszych informacji o bezposrednim wplywie tacznego nawozenia S i Mg
na wzrost odpornosci na porazenie bulw ziemniaka przez choroby bakteryjne i grzybowe.
Eksperyment polowy na glebie brunatnej wylugowanej przeprowadzono w latach 2004-2006
w pld.-wsch. rejonie Polski (k. Zamoscia). Pod 3 odmiany ziemniaka zastosowano nastepu-
jaco zroznicowane nawozenie mineralne: NPK oraz NPK z dodatkiem S, Mg i mikroele-
mentéw: B, Zn, Mn, Cu. Wzbogacenie NPK w S i Mg oraz mikroelementy spowodowalo
zmniejszenie porazenia bulw przez Streptomyces scabies i Rhizoctonia solani oraz zwiek-
szenie plonu bulw ziemniaka. Generalnie zdrowotno$é i plon bulw byly najsilniej zalezne
od odmiany, nastepnie od nawozenia mineralnego oraz jego wspoétdziatania z odmianami.

Stowa kluczowe: bulwy ziemniaka, poziom nawozenia mineralnego, Streptomyces sca-
bies, Rhizoctonia solani.

INTRODUCTION

Mineral nutrients are routinely applied to boost crop yields and improve
overall plant health and quality. The nutrition of plants largely determines
their resistance or susceptibility to disease, histological or morphological
structure and properties, and the virulence or ability of pathogens to sur-
vive. Mineral nutrients are frequently the first and foremost line of defence
against plant diseases and influence all parts of the disease “pyramid” (Hu-
BER, HANEKLAUS 2007, DATNOF et al. 2007). Plants have developed different
forms of resistance. Nutrient-induced resistance was observed for phosphate,
silicone and sulphur (Krikocka et al. 2005, Sarac 2005). The mineral plant
nutrition can potentially improve the stress resistance of plants. The mech-
anisms for the sulphur-induced resistance (SIR) of plants against fungal dis-
eases include the increased synthesis of natural components, degradation of
glycosides, synthesis of new components and the hypersensitive response
(HanekLAUS et al. 2002). LAMBERT et al. (2005) report that nutrient balance
can decrease the severity of many important potato diseases and that cer-
tain practices, such as maintaining low pH for scab control, have been fol-
lowed for this purpose.

Sulphur and magnesium fertilization increased yield of potato tubers,
improved tuber quality and resistance against Streptomyces scabies, where-
by the bactericidal effect was attributed to a reduced soil pH by elemental S
applications (GrzeBisz, HARDTER 2006, LAMBERT et al. 2005, PavLista 1995, Pra-
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KASH et al. 1997, RocoziNska 1991). Sawicka and KrocHMAL-MARczAK (2008) stud-
ied influence of liquid fertilizer Insol 7 on diseases of potato tubers. So far,
however, no information has been available about the influence of S and Mg
supply on bactericidal and fungal diseases in potato. The aim of the present
research has been to quantify the influence of fertilization treatments (with
and without S and Mg and fertilization with micronutrients: B, Zn, Mn, Cu)
on the tuber yield and infestation of three potato tuber cultivars with Strep-
tomyces scabies and Rhizoctonia solani as a contribution of plant nutrition
strategies for healthier plants.

The pathogens Streptomyces scabies and Rhizoctonia solani

The skin disease ,common scab” is caused by the bacterium Streptomy-
ces scabies. Virulent species of these otherwise saprophytic filamentous bac-
teria produce a toxin, thaxtomin, which kills patches of periderm cells and
elicits production of newly suberized layers, which leave raised or pitted
scabs on the tuber surface (Br.aszczax et al. 2005, FAUCHER et al. 1992, Lam-
BERT et al. 2005). The disease occurs in all regions of potato cultivation,
particularly on light, friable, dry and alkaline soils (BrRazpa 1995, ELPHINSTONE
2007). In Poland, as well as in other countries, up to 70% of tubers may be
infested by potato scab subject to the cultivation region and variety (Gucara
et al. 2007, KematH, Loria 1989, Kruikocka et al. 2005, Pura, Lapza 2007, Sara-
zAR 2006). The optimum conditions for common scab development are air
temperatures of 23-25°C. An Insufficient nutrient supply (Mn, K, Mg, Zn, B)
favours infestation with Streptomyces scabies (BrRazpa 1995). LAMBERT et al.
(2005) suggested a positive relationship between higher periderm Ca content
and scab, despite the general benefits of increasing calcium availability in
alkaline soils. A reduction of soil pH by gypsum and elemental S or ammo-
nium sulphate applications reduced infestation with Streptomyces scabies
(KLikocka et al. 2005, LAMBERT et al., 2005, PavLista 1995). BARNES (1972) ap-
plied 0.5 MT ha'! elemental sulphur and reduced scab by 27% with a pH
change of 6.1 to 5.4. In a subsequent trail, 0.5 or 1 MT hal elemental S
reduced common scab by 50% with the pH reductions from 5.2 to 4.6 and
4.2. The author, however, cautioned against over-application of elemental S.
Reduction of elemental sulphur to hydrogen sulphide, which is toxic to S.
scabies in vitro, has been considered as a possible mechanism of S-induced
scab reduction. This conversion requires anaerobic conditions, such as might
result from waterlogging, and its practical significance under typical field
conditions is unknown (LAMBERT et al. 2005). Davis et al. (1976a) report that
growing potatoes without any P fertilizer substantially increased scab com-
pared to the other four P treatments, which ranged from 84 to 336 kg ha'l
P,0Og. Scab could not be reduced by increasing or decreasing the standard
rate of phosphorus. In another study, various rates of elemental sulphur
decreased scab when irrigation thresholds were 100 kPa or above. Elemen-
tal S increased yield by an average of 20% and sulphur treatment also in-
creased petitole P (Davis et al. 1976b). Other elements have been investigat-
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ed for control of common scab, particularly manganese (KeINATH, Loria 1989),
whose availability in soil increases with acidity and soil moisture, support-
ing the hypothesis that Mn toxicity to Strpetomyces scabies is a major mech-
anism in the pH and irrigation effects and that Mn applications would fur-
ther reduce scab. LAMBERT et. al. (2005) concluded that Mn improves host
resistance to tuber pathogens, possibly in its role as a cofactor with en-
zymes involved in oxidation/reduction or with direct oxidation of phenolics.
In this case, plant manganese concentration adequate for yield may be sub-
optimal for disease resistance.

In compliance with the standards and norms for the international trade
within the European Union, which Poland observes, the area of the tuber
surface affected by Streptomyces. Gus may not exceed 1/5 of total tuber
surface. For potato seeds, infection by scab cannot exceed 5% of the total
surface (ZGOrska, FRYDECKA-MAZURCZYK 2002).

Rhizoctoniose or ,stem cancer” caused by the fungus Rhizoctonia solani
is known as one of the most widespread diseases of cultivated plants, partic-
ularly potatoes, root vegetables, cabbage, tomatoes, cereals and grasses.
R. solani is a soil borne pathogen. The symptoms characteristic for potato
infestation include rotting sprouts, stem dry rotting and smallpox (READ et
al. 1889, Yao 2002). The fungus R. solani is tuber coloniser, most easily
identified by small black sclerotia (black scurf stage) on the tuber surface.
Braszczaxk et al. (2005) used scanning electron microscopy to investigate dif-
ferent types of necroses in potato tubers infected by rhizoctoniose. Cultivar
Irga showed superficial necrotic symptoms caused by Rhizoctonia ssp. Fun-
gal necrosis caused strong disintegration of cell walls with cell lysis. Addi-
tionally, tubers are small in size, often deformed and smallpoxed (REaD et al.
2005).

Usually, about 14-20% of the tubers show symptoms of the infestation
with rhizoctoniose with variations dependent on the cultivation region and
variety (KURzINGER 1995, Sarazar 2006). In Poland, however, up to 40% of the
tuber surface may be affected by infestation with this pathogen (Krikocka
2001, Puza, L.aBza 2007).

Rhizoctonia solani survives in the soil during winter in form of sclerotia
or mycelia on residues of infested plants and on potato seedlings, respec-
tively. The optimum temperature for plant infestation is 15-18°C (BrAszczAK
et al. 1997). Under disadvantageous growing conditions, such as high mois-
ture and low temperature in the soil combined with poor plant growth, the
disease spreads soon after planting potatoes. Early planting of potatoes in-
creases the risk of rhizoctoniose. For planting, only those tubers should be
selected which are covered with no more than 20% sclerotia on the surface
(HAn1 et al. 1976). Common agronomic measures to reduce the infestation
risk include the choice of suitable forecrops, careful application of herbicides
(RADTKE 1994, Pura, Laza 2007) and optimum planting depth (StacHEWICZ
1996). JaBLONSKI (2006) observed that rhizoctoniose of tubers increased after
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simplification of soil cultivation. Although the disease may cause important
losses, little work has been done on nutritional effects. Manganese at 62 kg
ha'l reduced from 25% to 11%. the incidence of Rhizoctonia solani black
scurf on tubers No differences in number of stem lesions were obtained
over a range of 0 to 250 kg N hal (LamBERT et al. 2005), but REBARz and
Borowczak (2007) reports that increase of nitrogen doses from 0 to 180 kg N
ha'l cased the decrease of occurrence of black scurf. KLikocka et al. (2005)
observed that sulfur application reduced the fungal pathogen of potato tu-
bers. Other observations also emphasize the preventive role of sulfur against
the fungal diseases (DATNOFF et al. 2007, HUBER, HANEKLAUS 2007, Sarac 2005,
HanekLAus et al. 2002). The agronomic measures, beside the chemical meth-
ods and cultivation of resistant varieties, are of the utmost importance in
prevention of plant diseases. It has been shown that mineral fertilization
(with macro- and micronutrients) promotes natural plant resistance mecha-
nisms, similarly to application of silicon, aluminum and sulfur (DATNOFF et
al. 2007, HuBer, HaNEKLAUS 2007).

MATERIAL AND METHODS

The description of experiment sites

The field experiments on potatoes were conducted at Malice (N 50°42';
E 23°15"), a village near Zamo$¢ in Poland, in the years 2004-2006. The
experiment was carried out on leached brown soil with loamy silty soil tex-
ture. The soil characteristics (according to SiLanPAA 1982) were 13% clay,
29% silt, 58% sand, 8.4 g kg'! of total-C content (by dry combustion; LECO
EC-12®, model 752-100) and pH 5.3 (potentiometrically in 0.01 M CaCl,, sus-
pension using a Methrohm 605 pH-meter). Total-N was on average 0.8 g kg1
(by Kjeldahl extraction method), plant available P 72.6 mg kg'! and K 63.1 mg
kgl (vanadium-molybdene by Egner-Riehm method), phosphorus (by the
colorometric method) and potassium (by photometry), plant available Mg
37.0 mg kgl (by Schachtschabel method), plant available S-SO, — 11.5 mg
kgl (extracted by 0.025 m KCl and determined in an ion chromatograph)
(BLoEM 1998).

Throughout the last two decades, the air temperature sum and the to-
tal precipitation in the growing seasons averaged 2344°C and 386 mm. The
total rainfall in the seasons of 2005 and 2006 was lover than the long-term
sum. In 2004, the total rainfall was similar to the long-term sum. The
monthly means of the air temperatures in the growing seasons in 2004-2006
were much higher than over the long term. June, July and August were
particularly hot months. Generally, the growing season in 2004 was very
warm and wet, while the vegetation seasons of 2005-2006 were very hot and
dry (Table 1).
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Table 1

Sums of rainfalls (mm) and mean air temperature (°C) in 2004-2006 and in the long- term
period 1971-1988 (research station Zamos¢)

Monts
Years Apr May June July Aug Oct Sum
Apr-Oct

Precipitation (mm) — month sum
2004 46.3 50.1 34.9 145.0 71.9 36.3 384.5
2005 45.4 98.2 69.5 33.6 52.7 15.8 315.2
2006 58.4 54.0 43.5 28.3 144.8 0.8 329.8
1971-1988 39.0 62.0 90.0 80.0 60.0 55.0 386.0

Temperature (°C) — month mean
2004 9.6 135 18.1 194 19.7 14.3 2890
2005 9.7 154 17.5 21.8 18.7 13.3 2948
2006 10.5 14.8 184 23.3 19.0 16.8 3144
1971-1988 7.2 134 15.8 174 16.8 12.6 2544

Experimental design and treatments

The experiment was carried out with two factors in a split plot design,
with four replications. The first factor consisted of two treatments of fertili-
zation: basic — NPK (A) and enriched NPK in S, Mg and micronutrients (B),
while the second one comprised three medium-early potato cultivars: Irga
(1), Mila (2) and Sante (3). The plot size was 30 m2, the central part (19.5 m?)
of each plot was harvested. The row-space was 67.5 cm with 44.000
tubers ha'! planted. Having harvested the forecrop, spring triticale, the straw
was cut (5 t-ha'l) supplemented with 50 kg N in the form of urea (1kg N
per 100 kg straw) and winter rapeseed sown. In the third decade of March,
the rapeseed was sprayed with 36% isopropylamine salt of glyphosate (Round-
up 360 SL, 0.360 g a.i. kgl Monsanto) in dose 1080 g a.i. ha'l. In the
second decade of April, prior to the potato planting, the following two levels
of mineral nutrition were applied:

A — basic (NPK): (kg ha'l) N-100 (as urea), P505-90 (as mineral super-
phosphate), K,0-140 (as potash salt),

B — enriched (NPK + SMg + micro-nutrients): (kg-hal) N-100 (as urea),
P;05-90 (as mineral superphosphate), K,0-140 (as potash salt balanced with
potassium sulphate), MgO-30 (as magnesium sulphate balanced with bitter-
salt), S—25 (as potassium sulphate balanced with magnesium sulphate and
with bitter-salt), INSOL-7-Potato (as N-14.0, B-0.50, Zn-1.5, Mn-1.5,
Cu—0.50%) (2 1 ha'l).
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The NPK fertilizers, partly S and Mg were applied before the potato
planting. Bitter-salt and INSOL-7 — Potato mixed up with Miedzian 50 WP
and Decis 2,5 EC were used for the foliar nutrition of potato plants at the
growth stage determined by BBCH-scale: 49/55 (combined treatment for late
blight and potato beetle control). Potato planters are not equipped with at-
tachments to apply materials for Rhizoctonia solani control. The weed con-
trol was mechanical and chemical: from potato planting until emergence:
harrowing, earthing up, weeding, while after emergence: herbicide metribuzin
(Sencor 70 WP, 700 g a.i. kg'l, Bayer) in dose 0.350 g a.i. hal.

Fungicides for the control of Phytophthora infestans and other foliage
diseases were applied four times:

1) oxadiksyl + mancozeb (Sandofan Manco 64 WP, 80 g a.i. kg'! of oxadiksyl + 560
g a.i. kgl of mancozeb, Syngenta) in dose 160 g a.i. hal + 1120 g a.i. ha'l;

2) copper (oxachloride form) (Miedzian 50 WP, 500 g a.i. kg1, Organika) in dose
1250 g a.i. ha'l, 3. mancozeb (Dithane 75 WG 750 g a.i. kg'l, Dow AgroScien-
ces) in dose 1500 g a.i. ha'l;

4) fentin (hydroxide form) (Brestanid 502 SC., 502 g a.i. kg'!, Aventis) in dose
251 g a.i. ha'l,

The control of potato beetle (Leptinotarsa decemlineata) consisted of tri-
ple application of safe, inexpensive insecticides:

1) teflunenzuron (Nomolt 150 S.C., 150 g a.i. L'}, BASF) in dose 37.5 g a.i. ha'l;
2) deltametryna (Decis 2,5 EC, 25 g a.i. L1, Aventis) in dose 7.5 g a.i. ha'l;
3) acetamiprid (Mospilan 20 SP, 200 g a.i. kg'!, Nippon Soda) in dose 20 g a.i. hal.

The chemical practices (the second and the third one) against late blight
and chrysometids as well as fertilization feeding were performed jointly in
order to reduce the number of crossings through the field (the preparations
were mixed: Miedzian 50WP with Decis 2.5 EC with Bitter-salt and INSOL-
7-Potato (2) and Dithane 75 WG with Mospilan 20 SP (3). The fourth protec-
tive treatment, a combined one, was carried out three weeks before the
potato harvest. Brestanid 502 S.C. (for the protection of tubers against spores
of potato blight) with dikwat desicant (in ion form) (Reglone Turbo 200 SL,
200 g s.a. L'l, Syngenta) in dose 600 g s.a. ha'l. Pesticides were applied by
a 12-m-wide tractor-mounted sprayer that delivered 200 L ha™! spray solu-
tion through 80-02 flat fan nozzles (model PILMET — P-412, Polen) at a spray
pressure of 200 kPa.

The central part (19.5 m?) of each plot was harvested in the second
decade of September. From 2004 to 2006, in the 2nd decade of September,
the tubers were visually rated for infection rate and infestation severity
with Streptomyces scabies and Rhizoctonia solani, 1 to 9 scores correspond-
ing to 0 to >25% and 0 to >50% infestation rate with Rhizoctonia solani and
Streptomyces scabies, respectively. The visual score was carried out for a sub-
set of samples (100 tubers or 10 kg, respectively) — Table 2 (RozTRoPOWICZ
1999).
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Table 2

Scoring of infestations with Rhizoctonia solani and St¢reptomyces scabies
on potato tubers (acc. Rozrrorowicz 1999)

Infestation With, Infestation with Rhizoctonia solani
. Streptomyces scabies .
Scoring . (number/percentage of sclerotia
(percentage of scabs covering .
the tuber surface) covering the tuber surface)

9 none none

8 <5 <10

7 6-10 ~12

6 11-15 < 5%*

5 16-20 5 - 10%**

4 21-25 11 - 15%**

3 26-35 16 - 20%**

2 35-50 21 - 229%**

1 >50 >25%**

*small sclerotia; **small and big sclerotia

Statistical analysis

The results were analyzed statistically using the variance analysis with
the F-Snedecor test function, then its distribution was computed (KLIKOCKA,
SacHaJKO 2007). The significance of differences was indicated by Tukey«s HSD
test at significance levels of p<0.05 and p<0.01. The coefficient of variation
(CV%), a dispersion measure, was calculated as the quotient between the
standard deviation (SD) and the mean. To establish the dependences and
relationships between the elements studied, the analysis of correlation, de-
termination and linear regression was applied (TrRETOwsKl, WoJcik 1988). The
comparison and summary of results was performed using Excel 7.0 work-
sheet and Statistica program (StatSoft Polska ’97).

RESULTS AND DISCUSSION

The variance analysis revealed that differences in the potato tuber yields
as well as Streptomyces scabies and Rhizoctonia solani—induced infection
rates proved statistically significant.

The results given in Tables 3 and 4 show that the mineral fertilization
levels (A-basic: NPK and B—enriched: NPK improved with S, Mg and micro-
elements supplied as foliar and soil fertilizers) and the potato genotype type
(1-Irga, 2-Mila, 3—Sante) influence the characteristics investigated. In this
case, probability distribution of the F-test function at ¢=0.05 as well as dif-
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Table 3
Results of statistical computation for investigated features
I tigated feats Estimati LSD
nvestigated features . stimation _ «
(n=72, df,. =55 Variable SED CV% F p-value | a=0.05
F (df=1) 1.46 4.22 4.03* 0.049 1.46
Tuber yield C (df=2) 4.46 13.19 42.80%* 6.2E-12 | 1.79/2.38
(t hah FC (df=2) 5.55 15.99 3.36* 0.042 2.53
Y (df=2) 1.34 3.87 2.26 0.114 n.s.
F 1.42 8.77 4.86* 0.032 1.29
Streptomyces scabies C 3.40 23.95 32.06%* 5.9E-10 | 1.58/2.11
(infection rate %) FC 4.20 25.91 0.81 0.450 n.s.
Y 3.00 18.54 14.46%* 8.9E-06 | 1.58/2.11
F 0.24 4.20 4.45 0.039 n.s.
Streptomyces scabies C 0.76 13.22 39.29%* 2.5E-11 | 0.28/0.38
(infection severity 1-9) FC 0.83 14.31 1.57 0.217 n.s.
Y 0.65 11.13 20.84** 1.8E-07 | 0.28/0.38
F 0.92 24.07 53.67%* 1.1E-09 | 0.25/0.34
Rhizoctonia solani C 0.88 22.10 29.69%* 1.8E-09 | 0.31/0.41
(infection rate %) FC 1.12 29.17 9.13%* 3.8E-04 | 0.44/0.58
Y 0.66 17.15 18.15%* 8.8E-07 | 0.31/0.41

Variable: F — fertilization treatments, C — cultivars, FC — fertilization treatments x cultivars,
Y — years, df — degrees of variable freedom, df, . — degrees of error freedom, SED — standard
error, CV% — coefficient of variation, estimation F of variance analysis: significant difference
at (*a=0.05, ** @=0.01), p-value of F-variance ratio, LSD — significant difference, n.s. — not
significant

ferences measured by Tukey«s test were significant. It was only potato tu-
ber infection developed by Streptomyces scabies (scored 1-9) that appeared
to be independent from the mineral fertilization. Generally, the analysed
potato traits proved to be most highly varied (CV%) and differentiated (LLSD)
by the genotype (cultivar), then the mineral fertilization level and the culti-
var response to fertilizers rather than the weather factor (Tables 3, 4).

The analysis of the research results confirmed a positive effect of the
NPK fertilization improvement with sulphur, magnesium and Insol-7-Potato
preparation (as N, B, Zn, Mn, Cu ) — Table 3. NPK fertilization enriched
with S and Mg and micronutrients in liquid fertilizer Insol 7 (B) increased
potato tuber yield about 5.8% in comparison to NPK fertilization (A). The
highest tuber yield was recorded for cv. Sante, which was justified by the
genotype. The cultivars Sante and Irga responded in a highly positive man-
ner to NPK fertilization (A), while the cultivar Mila exhibited a slight de-
crease in yield, although it was within the statistical error limits. Figure 1
shows the relationship between tuber yields of particular potato cultivars
and tuber diseases (percentage infection rate) in dependence on fertilization.
In plots where basic NPK fertilization (A) was used no significant relation-
ship between tuber yield and tuber diseases occurred. Where enriched NPK
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Table 4
Value of investigated features (means in years 2004-2006)
. Fertilization Cultivars (C)
Investlga‘ie’;?dzfeatures treatments (F) / Mean
(n=72) /Year (Y) Irga Mila Sante
basic (A) 31.77 30.54 38.65 33.65
enriched (B) 34.37 29.10 43.70 35.72
Tuber yield 2004 32.82 25.96 40.76 33.18
(t ha) 2005 33.29 29.74 42.38 35.14
2006 33.10 33.76 40.38 35.75
mean 33.18 29.82 41.17 34.69
basic (A) 22.58 15.85 13.17 17.20
enriched (B) 19.28 15.37 10.92 15.19
Streptomyces scabies 2004 17.24 11.00 10.00 12.75
(infection rate %) 2005 23.61 18.75 12.38 18.25
2006 21.93 17.07 13.77 17.59
mean 20.93 15.61 12.05 16.19
basic (A) 4.64 5.94 6.38 5.65
enriched (B) 5.16 5.87 6.97 6.00
Streptomyces scabies 2004 5.71 6.85 7.16 6.57
(infection severity 1-9) 2005 4.21 5.36 6.63 5.40
2006 4.78 5.51 6.24 5.51
mean 4.90 5.91 6.68 5.83
basic (A) 5.84 3.33 4.26 4.48
enriched (B) 3.47 2.63 3.42 3.17
Rhizoctonia solani 2004 5.52 3.93 3.44 4.29
(infection rate %) 2005 4.53 3.60 4.19 4.10
2006 3.93 141 3.89 3.08
mean 4.66 2.98 3.84 3.82
basic (A) 5.60 7.12 6.76 6.49
enriched (B) 6.61 7.48 7.16 7.08
Rhizoctonia solani 2004 5.73 6.95 7.02 6.57
(infection severity 1-9) 2005 6.32 6.57 7.10 6.66
2006 6.27 8.38 6.76 7.13
mean 6.11 7.30 6.96 6.79

fertilization with S and Mg and micronutrients (B) was used, the yield
of potato tuber of cv. Mila was significantly negatively correlated (r = -0.62)
and determined (R% = 37) to be infected by Rhizoctonia solani. In this case,
enriched fertilization NPK (B) increased yield of tubers simultaneously de-
creasing infection of tubers by rhizoctoniose. SALAzAR (2006) reports that the
fungus Rhizoctonia solani was found in Peru and Bolivia and attacks be-
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tween between 2 and 35% of tubers. Losses due to black scurf were esti-
mated at 5 to 10%. In our experiment, when plots received enriched NPK
fertilization (B) the tuber yield of all the three cultivars was significantly
negatively correlated (r = -0.56) and determined (R2 = 32%) to suffer from
Streptomyces scabies-induced infection. Also, in this case enriched fertiliza-
tion NPK (B) increased yield of tubers and decreased at the same time
infection of tuber by scab. SaLazar (2006) wrote that S. scabies occurred in
Bolivia and incidences of infections varied between 28 to 40% causing yield
losses up to 20% (Figure 1). LaMBERT et al. (2005) reports that nutrient ef-
fects could include alternations in the physiological or structural components
of the plant’s defense system, increased antagonistic microbial activity, or
direct toxity to the pathogen. GrzeBisz and HARDTER (2006) states that potato
plants respond with high yielding and wholesomeness to sulphur and mag-
nesium fertilization.

The mean infection rate of potato tubers by Streptomyces scabies
reached 16.2%, whereas the mean infection severity (scored 1-9) was as-
sessed at 5.83% (Table 4). The highest infection rate developed by this path-
ogen (percentage and 1-9 score) occurred on the NPK fertilized plots (A) On
the objects with enriched NPK fertilization (B), incidence and infection se-
verity of common scab-induced infection were significantly reduced: 11.7%
and 5.8% (1-9 score). A statistically significant difference, though, has been
confirmed only for infection rate. GRocHoLL and ScHEID (2002) as well as Pick-
NY and GrocHOLL (2002), who studied experimental plots fertilized with ele-
mental sulphur and CaSO, did not find any direct relation between sulphur
application and consistent reduction of potato tuber infection by Streptomy-
ces scabies. Only a decreased soil pH value due to sulphur supplementation
may enhance potato tuber resistance to this pathogen (GrocHoLL, ScHEID 2002,
Paviista 1995, Pickny, GRocHoLL 2002). Kuikocka (2005)demonstrated that bring-
ing soil pH down through sulphur dressing alleviated the symptoms of tuber
infection by common scab by approximately 22%, and by 15% on the 1-9
scale. Some authors believe (GrzeBisz, HARDTER 2006, RogoziNska 1991) that
magnesium supplementation, especially in the form of Kieresite, reduces
potato tuber infection by common scab. Moderate N fertilization, at a well
balanced N:P:K rate, e.g. 1:1:1.5, may suppress the pathogen development.
Common scab is likely to be severe in soils of pH 5.5-8.0; in more acid soils
the disease is reduced. Besides, a range of 13-15°C temperature under field
conditions favours infection of potato tuber (Foryma, ZigBa 1988). Green ma-
nure ploughed into soil favours activation of microbes antagonistic to patho-
genic strains of scab (Borowczak, GraDySIAK 1997). The cultivar Irga tubers
were most susceptible to common scab: infection rate 20.93% and severity
4.90 (1-9 score). The tubers of cv. Mila and Sante proved to be less infected
than those of cv. Irga: infection rate of 25.4% and 42.2% and infection sever-
ity 17.1 and 26.6% (1-9 score), respectively. The cultivar Mila responded
weakly to enriched NPK fertilization (B) as no reduction in the infection
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rate developed by the pathogen was established. However, potato tubers
of the cultivars Irga and Sante were significantly less infected by scab under
NPK fertilization with sulphur, magnesium and microelements.

Generally, the infection of potato tubers by common scab was more
strongly related to the cultivar (the cultivars Mila and Sante) than mineral
fertilization. Also the weather conditions had n important effect because the
variation for infection rate reached 18.54% and for severity 11.13% (1-9 score).
Szutkowska (1998), Gruska (2002) and Lutomirska (2002) report that high pre-
cipitation rate during the potato tuber formation period (especially in June)
suppresses common scab incidence in potato tubers as rainfalls at that time
is antagonistic to S. scabies bacteria penetrating soft potato skin. The high-
est susceptibility to infection was demonstrated by potato tubers during the
stage of tuber initiation until the tuber diameter reached 1 cm. Therefore,
the most efficient way to depress or even eradicate common scab disease is
to keep soil moist during the active growth period (Gruska 2002). Besides,
a more severe S. scabies-induced infection of the cv. Mila tubers results from
the widespread use of Sencor herbicide (metribusine) (Krikocka 2000). Due
to a great variability of the causal agents involved in the infection and de-
velopment of this disease, no efficient common scab control strategy has
been elaborated yet, so as to obtain plants free from this disease. Applica-
tion of fungicides (comprising sulphur or its compounds) for the potato seed
material dressing is highly recommendable. Fungicides have beneficial ef-
fects on potato plants, mainly in their early growth stage. However, they do
not ensure complete protection against potato tuber infection induced by
soil-borne Streptomyces scabies. in the later stages of the vegetation season.
At that time, elemental sulphur should be implemented, which lowers the
soil pH and may alleviate the symptoms of potato infection produced by this
pathogen (Kiikocka 2005).

The mean infection rate of potato tubers by Rhizoctonia solani was
3.82%, while the mean infection severity (1-9 score) reached 6.79 (Table 3).
In Germany, the highest tuber infestation by rhizoctonioza varied within
14-20% (KurzINGER 1995). The highest infection incidence in potato tubers
produced by the pathogen was recorded in the samples obtained from the
NPK fertilized plots (A). NPK fertilization improved with foliar and soil applica-
tion of S, Mg and microelements (B) has significantly increased potato tuber
wholesomeness in the three cultivars, reducing the disease incidence by 29.2%
and severity by 8.3% (1-9 score). DATNOFF et al. (2007), HUBER, HANEKLAUS (2007),
Sarac (2005), Krikocka (2005) and HANEKLAUS et al. (2002) emphasize the preven-
tive role of sulphur against fungal diseases. Beside chemical methods and culti-
vation of resistant varieties, agronomic practice is of the utmost importance for
prevention of plant diseases. It has been shown that the mineral fertilization
(with macro- and microelements) promotes natural plant resistance mecha-
nisms, just like application of silicon, aluminium and sulphur (DATNOFF et
al. 2007, Kuikocka et al. 2005, Sarac 2005, HANEKLAUS et al. 2002).
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Potato tubers produced by cv. Irga appeared to be most severly infected
by rhizoctonioza (infection incidence 4.66% and infection severity 6.11 (1-9
score). The cultivars Mila and Sante were healthier than the Irga (36.0 and
17.6% as expressed by infection rate and 16.3 and 12.2% by infection severi-
ty (1-9 score), respectively). On the whole, R. solani infestation of potato
tubers varied subject mainly to the cultivar and mineral fertilization, while
being less dependent on the climatic conditions, where the variability
reached 18.15% for infection rate and 9.87% (1-9 score) for severity.

As high moisture and low soil temperature favour rhizoctoniose pro-
gression, the potato planting date is expected to be the optimal agrotechni-
cal time concerning traits of a planted variety, soil conditions, climatic fea-
tures of the region as well as regional weather forecasts (Krikocka 2001).
Lutomirska (2007) reported testing thirty two potato cultivars of various ma-
turity groups for black scurf. The most important factor affecting disease
symptoms was soil temperature in full growth of plants and 30 days before
harvest. The temperature of air seems to be less important. There was no
influence of rainfall on sclerotia occurrence. The cultivars differ in their
susceptibility to R. solani development on tubers. Sowa-NIEDZIALKOWSKA and
Krzyszrorik (2008) state that the genotype (cultivars) is the main factor which
affects losses by infection of tubers with diseases. Healthy potato seed mate-
rial should be planted in which sclerotia infestation of tubers does not sur-
pass 20% of the total surface (HANI et al. 1976). Besides, inappropriate fore-
crops like legumes, cruciferous plants and grasses should be avoided (Putra,
L.aBza 2007). KEMPENAAR and STRUIK (2007) reports that green-crop harvesting,
i.e. vine removal and lifting, followed by a field period during which skin set
can take place, can be very useful in controlling Rhizoctonia solani. Recent-
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ly, efforts have been undertaken to use microorganisms (Trichoderma vir-
ide, Bacillus sp.) for potato protection against Rhizoctonia solani (KURZAWINS-
KA, Gaspa 2001). Hamm (2007) proposed control of soil-borne fungi (also R.
solani) by the use of soil fumigants and/or seed treatments. Resistance in
newly developed potato cultivars shows a promise for controlling many of
these plant pathogens and will be the principal mechanism for controlling
soil-borne fungi and fungal like organisms in the future.

Significant relationships between the infection severity of Rhizoctonia
solani versus Steptomyces scabies on potato tubers were found (Figure 2).
The results presented in Figure 2 reveal that the infestation of the tubers
with both pathogens run linearly and any measure improving the natural
resistance of the plant will supposedly combat both pathogens.

CONCLUSIONS

1. The potato characteristics analyzed (skin infection of tuber, yield)
proved to be mostly affected and differentiated by the genotype (variety),
less so by mineral fertilization and its interaction with a variety. That has
been confirmed by the statistical analysis performed.

2. Enriched fertilization — B (NPK supplemented by soil and foliar appli-
cation of sulphur, magnesium and microelements) has significantly reduced
potato tuber infection by Streptomyces scabies for the cultivars Irga and
Sante. Each potato cultivar responded in a different way to infection by this
pathogen, the most severe infestation by common scab was demonstrated
by the cultivar Irga, significantly less infected were the cultivars Mila and
Sante; the cv. Mila did not react positively to enriched fertilization (B). En-
riched fertilization decreased significantly tuber infection by Rhizoctonia
solani of all the three potato cultivars. The cultivars Mila and Sante proved
to be healthiest, whereas the tubers of cv. Irga were more infected with
rhizoctoniose.

3. Both diseases are interrelated since generation of one of them induc-
es development of the other, therefore sulphur, magnesium and microele-
ment dressing may control the activity of both pathogens.

4. Potato tuber yield was significantly higher after application of en-
riched fertilization (B) as compared to basic fertilization (A). The highest
tuber crop was recorded for the cultivars Sante, which is justified by its
genotype.
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Abstract

Clinical studies were carried out in the period of 2003-2008 at the Provincial Chil-
dren’s Rehabilitation Hospital in Ameryka near Olsztyn (Poland). The study involved a group
of children and youths exhibiting spinal deformity progression in idiopathic scoliosis (IS) of
more than 5° per year according to the Cobb scale. Four hundred and fifty patients betwe-
en 4 and 15 years of age were divided into three groups (n = 150). Group I received
2-hour and group II 9-hour treatment of Lateral Electrical Surface Stimulation (LESS),
respectively, whereas group III (control) was treated only with corrective exercises for
30 minutes twice a day. LESS was performed as 24-month treatment with the use of
a battery-operated SCOL-2 stimulator manufactured by Elmech, Warsaw, Poland.

The effectiveness of this method was confirmed in the treatment of spinal IS in chil-
dren and adolescent patients, especially when the initial spinal deformity does not exceed
20° according to the Cobb scale. A short-duration electrostimulation — 2 hours daily — was
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found to produce results similar to those obtained after overnight, 9-hour electrostimula-
tion. Moreover, the analysis of the Harrington prognostic index F confirms the positive
effect of LESS in both groups of patients (2 h and 9 h of LESS).

Key words: electrostimulation, LESS, rehabilitation, idiopathic scoliosis.

WPLYW BOCZNEJ ELEKTRYCZNEJ POWIERZCHNIOWEJ
ELEKTROSTYMULACJI (LESS) NA DEFORMACJE KREGOSLUPA
W SKOLIOZIE IDIOPATYCZNEJ

Abstrakt

Badania kliniczne prowadzono w latach 2003-2008, w Wojewddzkim Szpitalu Rehabili-
tacyjnym dla Dzieci w Ameryce k. Olsztyna, w grupie dzieci i mlodziezy wykazujgcej pro-
gresje skrzywienia w skoliozie idiopatycznej (SI) powyzej 5° wg Cobba w skali rocznej. Ba-
daniami objeto 450 pacjentéw, w wieku od 4 do 15 lat, podzielonych na 3 grupy
(n =150). W grupie I stosowano 2-godzinng terapi¢ metoda Bocznej Elektrycznej Powierzch-
niowej Elektrostymulacji (Lateral Electrical Surface Electrostimulation — LESS), w grupie
II — 9-godzinng, a w grupie III (kontrolnej) — tylko leczenie za pomocg ¢wiczen korekcyj-
nych wykonywanych 2 razy po 30 min dziennie. Elektrostymulacje typu LESS stosowano,
w 24-miesiecznym leczeniu za pomoca bateryjnego stymulatora SCOL-2, wytwarzanego
w zakladach elektromechaniki medycznej Elmech w Warszawie.

Efektywnosé te] metody oceniano podczas leczenia SI kregostupa u dzieci i mlodziezy,
zwlaszcza w przypadkach, gdy poczatkowe skrzywienie kregostupa nie przekraczato 20° wg
metody Cobba. Elektrostymulacja LESS skrécona do 2-godzinnej terapii dziennie wywoly-
wata podobnie korzystne rezultaty do osigganych podczas elektrostymulacji calonocnej —
9-godzinnej. Takze wykonana analiza wspétczynnika prognostycznego F Harringtona po-
twierdzita pozytywne efekty oddzialywania metody LESS w obydwu grupach pacjentéow
(T11D).

Stowa kluczowe: elektrostymulacja, LESS, rehabilitacja, skolioza idiopatyczna.

INTRODUCTION

Idiopathic scoliosis (IS) in children and adolescents is an important prob-
lem for treatment centres due to its quite high prevalence. It has been
estimated that globally this problem, depending on the method and the re-
gion, concerns from 0.3 to 15.3% of the population. In Poland, the incidence
of this condition ranges from 2 to 14%, while in Western Europe it involves
2 to 3 % of the population. The majority (80-90%) of reported spinal deform-
ities are those of idiopathic scoliosis (IS), i.e. arising from unknown cause
(AHN et al. 2002, CHEN 2003, KowaLsk1 2004).

A wide variety of kinesitherapeutical methods applied in spinal lateral
deformity (SLD) treatment have an undeniable effect stopping progression
of the deformity, although current procedures are influenced by the inter-
pretation of the pathogenesis of this condition (AuN et al. 2002, CHEN 2003,
KowaLskr 2004).
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Based on electromyographic studies, a decreased activity at the concave
side has been observed in the superficial muscles stabilizing the spine. Ex-
cessive activity of the convex side indicates a defensive response so as to
maintain the spine in an upright position. This indicates an asymmetric
activity of the muscles stabilising the spine (Hiravama et al. 2001, WRIGHT et
al. 1992).

However, asymmetric exercises have long been shown to be ineffective
because certain spinal muscles, especially the intervertebral muscles, are
not amenable to exercises aimed at their selective strengthening or loosen-
ing (DurMAEA et al. 2003).

In recent years, attention has been paid to the disorders of the nervous-
muscular system and their secondary effect on lesions in the spinal osteoar-
ticular-ligament system as one of the potential causes of IS (KowaLskr 2003,
KowaLskr et al. 2001, 2004). Therefore, LESS was introduced into the con-
servative treatment of IS.

The aim of this study was to determine the effectiveness of LESS thera-
py in treating children and youths with IS.

MATERIAL AND METHODS

Clinical studies, part of a research project financed by the State Com-
mittee for Scientific Research, were carried out in the years 2003-2008 at
the Provincial Children’s Rehabilitation Hospital in Ameryka near Olsztyn.
The study involved a group of children with the progression of the spinal
deformity of more than 5° per year according to the Cobb method. In all the
cases examined, scoliotic deformity was located within the thoracic segment
of the spine between Th4 and L1. The Cobb deformity angle in the children
examined ranged from 10° to 39°. The study involved 450 children and teen-
agers between 4 and 15 years of age divided into three groups (n = 150):
group I and group II with 2-hour and 9-hour LESS, respectively, and group
III — a control group.

Children in both stimulated (LESS) groups had additional corrective ex-
ercises at home, applied twice daily for 30 minutes, while children in group
ITI were only treated with the same corrective exercises.

Electrical stimulation was performed with the use of a battery-operated
SCOL-2 stimulator produced by Elmech, Warsaw (KowaLski, 2003 KowALSKI
et al., 2004, 2001, 2004). The stimulator’s technical parameters were as fol-
lows: rectangular approx. 0.1 ms impulses and frequency of 20-55 Hz, dura-
tion of the impulse series of 3.5-4.5 s, impulse series intervals of 4-12 s, and
the stimulation current amplitude range of 5-75 mA. The impulse wave-
forms during laboratory trials were recorded on a TEKTRONIX oscilloscope
using a state-of-the-art technique for imaging electric signals.
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Impulses generated by the stimulator have the form of slightly differen-
tiated rectangles, registered in a stimulator using a substitute resistance of
5.1 kQ, similar to human tissue resistance (Figures 1, 2).

Electrical stimulation of trunk muscles was performed with superficial
disc-shaped electrodes approximately 20 mm in diameter. The conductive
rubber electrodes were placed along the scoliotic deformity every 6-12 cm,
depending on its length, which is on average 10 cm.

It is recommended that the electrode be located below the blade of the
shoulder blade alongside the spinal line at the convex side of the scoliotic
deformity. There are three possible locations of the electrodes: medial, in-
termediate and lateral. Based on preliminary studies, the intermediate loca-
tion ensures the best conditions of stimulation. In this location, the effect of
LESS, both after long-duration (9 h) and short-duration (2 h) electrostimula-
tion, was analysed in all cases.

The effectiveness of the LESS treatment was evaluated from the meas-
urements of the initial spinal deformity angle prior to the treatment and
that after 24-month treatment (including corrective exercises in combina-
tion with stimulation or only corrective exercises in the control group). The
deformity angle was measured in an upright position in an a-p projection
according to the Cobb method in three subranges of angle value: 10-19°,
20-29° and 30-39°. The mean value of the deformity angle before treatment
and the mean deformity decrease or scoliosis progression after treatment
were determined for each experimental group. Moreover, the Harrington
prognostic co-efficient F, defined as equal to the Cobb deformity angle divid-
ed by the number of vertebrae within the deformity, was determined.

All clinical results were statistically analysed with ¢-Student test.

RESULTS

The clinical results obtained after therapy with LESS (Figure 3) depend-
ed on the deformity angle range to which the patients were qualified before
treatment. In the 10-19° range, some improvement after treatment was
observed: on average 2° decrease in deformity angle size. This value is sta-
tistically significant at p=0.01. The LESS treatment proved to have a signifi-
cantly positive effect in 75.5% of all cases of small deformities. In the 20 -
29° range, only a slight (0.3°) improvement in the scoliosis angle was ob-
served after treatment. Stabilisation was observed in almost half of the pa-
tients, whereas in the 30-39° range a mean 1.4° scoliosis progression (not
statistically significant) was recorded after treatment. Therefore, the thera-
peutic effect in this group of patients was small.

In the group of scolioses treated with LESS, the best therapeutic effect
was obtained in patients with an initial spinal scoliosis angle below 20° ac-
cording to Cobb method.
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Moreover, the analysis of the Harrington prognostic index F confirms
the positive effect of LESS in both groups of patients 2 h and 9 h of LESS
treatment (Figure 4).

In the control group, scoliosis progression of approximately 4° according
to Cobb method (statistically significant at p=0.01) was observed despite 24-
month rehabilitation.
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DISCUSSION

Currently, functional electrostimulation of the nervous-muscular system
(FES) generates positive effects. An ever-growing number of applications of
electrostimulation as a supportive factor in other treatment methods has
been observed. Results of studies carried out at different centres justify the
application of LESS in the treatment of IS (KowaLski et al. 2004, ANcIAUX et
al. 1991, AXELGAARD et al. 1983, BoBEcHKO et al. 1979). Electrostimulation of
spinal muscles is the only method which can protect asymmetric activity of
spinal muscles including intervertebral muscles. Therefore, the non-invasive
LESS method will hopefully be used in the treatment of children with IS
(KowaLsk et al. 2004, Anciaux et al. 1991, AXELGAARD et al. 1983, BoBECHKO et
al. 1979). It can, however, only be used in grade I° scoliosis, where there
are no profound morphological lesions and no degenerative changes in con-
cave side muscles (Anciaux et al. 1991, AXELGAARD et al. 1983, BoBECHKO et al.
1979).

BoBecHKO et al. (1979) was first (1974) to introduce electrostimulation for
treating IS using superficial electrodes and then electrodes implanted into
perispinal muscles. By implanting electrodes he wanted to reach deep layers
of segmental muscles. Stimulation was performed in a horizontal position
while sleeping, and lasted from 8 to 10 h. In 1983, Axelgaard (AXELGAARD al.
1983) showed that percutaneous electrostimulation with electrodes placed
on the patient’s back also produced advantageous results compared with
those obtained with implanted electrodes. An increase in muscle tension can
be obtained by direct stimulation of a muscle or by a reflex arc as well as
by excitation causing facilitation of or decrease in inhibiting excitation
(WRIGHT et al. 1992).

The results obtained by BoBEcHKO et al. (1979) were encouraging enough
for many authors to introduce electrostimulation among the methods used
in treating spinal lateral scolioses. The main goal of LESS is to replace the
non-existing or reinforce the defective bioelectrical activity with adequately
formed series of electrical impulses acting directly on the affected nervous-
muscular structures. An advantage of electrostimulation is the excitation of
afferent nervous fibres through which the spinal cord structures are excit-
ed. Thus a substitute excitation model is initiated or a new stereotype of
muscle activity control system is created (WRIGHT et al. 1992, BoBECHKO et al.
1979).

Over the last twenty years there have been many reports on the effects
of LESS functional electrostimulation on reducing or stopping progression of
the disease, or even a decrease in the initial spinal scoliosis. The results
concerning the effectiveness of LESS are unequivocal especially as regards
the range of the angular deformity for which this type of therapy could be
used without causing side effects (KowaLski et al. 2004, ANciaux et al. 1991,
AXELGAARD et al. 1983, BoBECHKO et al. 1979, BucINskI et al. 2004).
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Weiss and Pasniczek were first in Poland to apply electrostimulation
(WEIss et al. 1983, Pasniczek et al. 2005). At the Konstancin Rehabilitation
Centre (1979-80) they used electrostimulation to excite the perispinal mus-
cles at the convex side of grade II° scoliosis in children between 11 and 14
years of age during scoliosis progression. The stimulations were performed
according to an empirically established programme which included 3-month
cyclic stimulations lasting 8 to 10 hours carried out during sleep. The re-
sults were positive: spinal scoliosis diminished after treatment, which was
confirmed by radiological examinations. However, long-term results of the
improvement have not been analysed (WEiss et al. 1983, Pasniczek et al.
2005, ZARrzycKI et al. 1991).

In this paper an attempt has been made to prove that the LESS method
of treating IS (KowaLskr 2003, KowaLski et al. 2004, 2001, 2004) produces
similar or even better results than traditional procedures. The results of
the research which has been carried out by KowaLski since 1986 (partly pre-
sented in this paper) on a large group of children with IS prove that LESS
has a good effect on the reduction or stabilisation of scoliosis. Based on
these studies, the best treatment can be obtained when the initial scoliosis
is less than 20°, measured according to Cobb method. KowaLski also found
that the inconvenience of overnight therapy could be reduced by proposing
a 2-h evening therapy with LESS, which is equally effective as an all-night
8-h stimulation (KowALskr 2003, KowaLsKI et al. 2004).

CONCLUSION

1. The analysed LESS method has a good effect on the nervous-muscu-
lar system in the therapy of children and youths with IS.

2. LESS has been found to be an effective method in treating IS, espe-
cially in cases where the initial spinal scoliosis is less than 20° according to
Cobb method.

3. Short-duration electrostimulation (2h daily) produces similarly posi-
tive effects to those obtained after all night electrostimulation (9h) and elim-
inates undesirable symptoms of all night LESS therapy.

4. The analysis of the Harrington prognostic co-efficient F confirms the
positive effect of LESS in both groups of patients (2 h and 9 h of LESS).
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Abstract

In natural environment plants are exposed to many different stress factors, including
heavy metals, whose elevated concentration causes oxidative stress, connected with for-
mation of reactive oxygen species (ROS). Therefore, plants have developed defence sys-
tems, including enzymatic antioxidant system, able to remove ROS.

The work concerns the accumulation of two heavy metals, cadmium (Cd) and lead
(Pb), as well as the phenomenon of oxidative stress caused by increased concentration of
these metals in common reed (Phragmites australis), a dominant species in the littoral
zone of many water reservoirs. The plants were obtained from four water bodies situated
in Poznan: Kierskie Lake, Rusatka Lake, Strzeszynskie Lake and Sotacki Pond.

The aim of the study was to examined the accumulation of heavy metals and the
relation between activity of antioxidant enzymes in rhizome, stem and reed leaves during
the vegetative period. Three antioxidant enzymes were analyzed: ascorbate peroxidase
(APX), guaiacol peroxidase (GPX) and superoxide dismutase (SOD).

The statistical analysis was done to determine the influence of the heavy metals on
the activity of the antioxidant enzymes, involved in limiting and removing results of oxida-
tive stress.

Heavy metals were accumulated in common reed in all the four water reservoirs, but
the activity of enzymes was variable during the observation period. Statistical analyses sug-
gest that there are some correlations among concentration of metals and the activity of
antioxidative enzymes. However, the results do not provide an unambiguous determina-
tion of the effect of heavy metals on enzymatic activity. Summing up, the contamination
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of the water ecosystems caused by heavy metals was so low that it did not influence the
activity of the analysed enzymes.

Key words: cadmium, lead, antioxidant enzymes, water reservoirs, bottom sediments, com-
mon reed Phragmites australis

BIOLOGICZNE ASPEKTY POBORU KADMU I OLOWIU PRZEZ PHRAGMITES
AUSTRALIS (CAV. TRIN EX STEUDEL)
W NATURALNYCH ZBIORNIKACH WODNYCH

Abstrakt

W $rodowisku naturalnym rosliny sg narazone na dzialanie metali ciezkich. Nadmier-
ne ich stezenia w roslinach powoduja stres oksydacyjny, wywolywany powstawaniem reak-
tywnych form tlenu (ROS). W celach obronnych organizmy roslinne wyksztatcity wiele sys-
temow antyoksydacyjnych, w tym enzymatyczne umozliwiajace usuwanie ROS.

Praca dotyczy akumulacji dwéch metali cigzkich — kadmu (Cd) i otowiu (Pb) oraz zja-
wiska stresu oksydacyjnego w roslinach powodowanego przez nadmierne stezenia jonow
metali ciezkich w Srodowisku oraz w organach trzciny pospolitej (Phragmites australis) —
gatunku wystepujacego i dominujgcego w strefie litoralnej wielu zbiornikéw. Material ro-
§linny pochodzit z czterech zbiornikéw wodnych zlokalizowanych w obrebie miasta Pozna-
nia: Jeziora Kierskiego, jeziora Rusatka, Jeziora Strzeszynskiego i Stawu Sotackiego.

Celem badani byto okreslenie zaleznoSci miedzy zawartoScig metali ciezkich a aktyw-
noscig enzyméw antyoksydacyjnych w klaczach, todydze i lisciach trzciny na przestrzeni okre-
su wegetacyjnego. Analizowano aktywno$¢ trzech enzymoéw antyoksydacyjnych: peroksydazy
askorbinianowej (APX) i gwajakolowej (GPX) oraz dysmutazy ponadtlenkowej (SOD).

Przeprowadzono analizy statystyczne celem okreslenia wplywu czynnikéow stresu oksy-
dacyjnego wywolanego przez metale ciezkie na aktywno$é enzyméw antyoksydacyjnych,
ktore sg zaangazowane w ograniczanie i usuwanie skutkow tego zjawiska.

Metale ciezkie akumulowane w roslinach we wszystkich ocenianych zbiornikach wod-
nych wykazywaly tendencje wzrostowa, natomiast aktywno$¢ enzymoéw w roslinach byta
silnie zréznicowana w calym okresie obserwacji. Analizy statystyczne sugeruja wprawdzie
istnienie pewnych korelacji miedzy stezeniem metali w ro§linach a aktywnosScig enzymow
antyoksydacyjnych, jednakze nie pozwala to na jednoznaczne okreslenie wptywu badanych
metali na zmienno§é w aktywnosci tych enzymoéw. Podsumowujac, stwierdzone skazenie
ekosystemow wodnych metalami ciezkimi bylo na tyle niskie, ze nie wplywato modyfikuja-
co na aktywnos§¢ badanych enzymow.

Stowa kluczowe: kadm, oléw, enzymy antyoksydacyjne, zbiorniki wodne, osady denne,
trzcina pospolita (Phragmites australis).

INTRODUCTION

Water reservoirs are very attractive components of open and urban land-
scapes, but in order to serve their functions well they need to have good
water quality. The quality of water in surface water bodies is largely deter-
mined by the concentration of heavy metals. Stability of heavy metals in
aquatic environment and their accumulation in successive links of the food
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chain make it absolutely necessary to search for efficient and safe methods
to remove these toxic elements from individual elements of the ecosystem,
especially sediments and plants inhabiting water bodies.

Although the total content of heavy metals in the environment is very
low, less than 1%, and while some of the metals are vital for living organ-
isms, cadmium and lead are examples of toxic elements. Heavy metals en-
ter natural ecosystems with discharges from industry and urban sewage or
through atmospheric deposition, which increases their concentration in na-
ture. Most of them remain insoluble in soil and water ecosystems or, as
dissolved elements, become available for plant uptake and cumulate in their
tissues (GrzyBowskI et al. 2000). Plant uptake directly reduces the overflow
of metals into adjacent waters (Liang et al. 2006). The accumulation in plants
and the direction and intensity of transport depend on biological factors and
on the chemical properties of metals.

Cadmium and lead belong to pollutants present in areas with heavy
road traffic and near cities, which are taken by plants but at different bioac-
cumulation indexes. Generally, the highest Pb concentrations have been ob-
served in roots, while only small amounts are transported to other parts of
plants (VERMA, DUBEY 2003). In contrast, cadmium belongs to the elements
capable of being translocated through plants and accumulated in leaves. How-
ever, in the experiments conducted by Fediuc and Erdei (2002) on young
Phragmites australis grown hydroponically, most of the Cd content was col-
lected in the shoots.

Some plants, called hyperaccumulators, such as Thlaspi caerulenscens
and Brassica juncea, demonstrate a particularly high ability to accumulate
metals in unusually high concentrations (SALT et al. 1998). Also common
reed (Phragmites australis), which is a widely distributed species worldwide,
proves useful in cleaning eutrophic lakes and waste waters (YE et al. 1997).

High concentrations of cadmium or lead can also be stress factors for
plants (IaNeLLI et al. 2002, VErMA, DUBEY 2003). They can disrupt cellular
homeostasis and enhance the generation of reactive oxygen intermediates
(ROIs), which cause oxidative stress. To avoid ROIs, plants create mecha-
nisms called ROI-scavenging mechanisms, which are responsible for remov-
ing reactive oxygen intermediates (e.g. singlet oxygen (O,!), hydrogen per-
oxide (H,0,) and hydroxyl radical (OH") (MirtLer 2002). The scavenging
systems include antioxidant enzymes: catalase (EC 1.11.1.6), peroxidases (EC
1.11.1.7), superoxide dismutases (EC 1.15.1.1), and low molecular antioxi-
dants such as ascorbic acid, glutathione or a-tocopherol (MiTTLER 2002,
VERMA, DUBEY 2003).

The aim of the study was to examine the relation between the level of
heavy metals in sediments of natural water ecosystems (four lakes near the
city of Poznan, Poland) and their accumulation in Phragmites australis plants
growing in those reservoirs. The study focused on cadmium and lead bioac-
cumulation and the interrelations between those contaminants in aquatic
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plants and the activity of antioxidant defence enzymes (which can be indica-
tors of stress caused by toxic metals), such as ascorbate peroxidase (APX),
guaiacol peroxidase (GPX) and superoxide dismutase (SOD), including the
effect of seasons.

MATERIALS AND METHODS

Study area and plant material

Four recreational water reservoirs located in the city of Poznan were
selected for the study: Lake Kierskie (referred to as KL), Lake Strzeszynskie
(SL), Lake Rusatka (RL) and Sotacki Pond (SP). The experiments were per-
formed in 2005 and 2006. Four heavy metals, i.e. zinc, cadmium, lead and
copper, were determined in the bottom deposits and in whole plants of com-
mon reed (Phragmites australis, Cav. Trin. ex Steudel). Independently, cad-
mium and lead concentrations and the antioxidant enzymes were analysed
separately in leaves, stems and rhizomes (without adventitious roots). All
analyses were carried out three times during the vegetation period, i.e. in
May, August, and November. Plants, after being transferred to the laborato-
ry, were weighed and frozen in liquid nitrogen.

Heavy metal analyses

Plant samples (1 g) and sediments (3 g) were dried at 105°C for 48 h
and mineralised in a Star 6 microwave oven (CEM) for 40 minutes, adding
25 cm? HNO; and 5 cm3 H,0,. Metal contents were estimated by electro-
thermal atomic absorption spectroscopy using an AAS spectrometer (Varian
Spectra AA 200 Plus).

Antioxidant enzyme analyses

For ascorbate and guaiacol peroxidase (APX and GPX) frozen samples
(0.2 g) were homogenized for 30 seconds in a chilled mortar with 50 mM
phosphate potassium-buffer (pH 7.0) and 2% Polyclar AT. Homogenates were
centrifuged at 15 000 g for 30 minutes at 4°C. APX activity was determined
according to Nakano and Asada (1981). The reaction mixture contained 50
mM phosphate-potassium buffer, 0.5 mM L-ascorbate, 0.1 mM H,0O, and en-
zyme extract. Absorbance was measured at 4, = 290 nm using an UV/VIS
Spectrophotometer Lambda 11 (Perkin Elmer) and was expressed as absorb-
ance increment per 1 minute per 1 mg protein (AE min'! mg1).

GPX activity was measured according to HAMMERSCHMIT et al. (1982). En-
zyme assays contained 25 mM phosphate-potassium buffer (pH 7.0), 0.2 mM
guaiacol, 0.09 mM H,0, and enzyme extract. Absorbance was recorded at
Amax = 480 nm and was expressed as absorbance increment per 1 minute
per 1 mg protein (AE min'! mg1).



303

Superoxide dismutase (SOD) was assayed according to BEaucHamp and
Frinovicu (1971). Frozen tissues (0.2 g) were homogenized in a chilled mor-
tar with 50 mM phosphate-potassium buffer (pH 7.8), containing 1% polyvi-
nylpolypyrrolidone (PVP), 1.0 mM EDTA-Na and 0.5 M NaCl. Extracts were
centrifuged at 15 000 g for 25 min at 4°C. The incubation mixture contained
50 mM phosphate-potassium buffer (pH 7.8), 0.01 mM EDTA-Na, 4 mM me-
thionine, 0.1 mM nitro blue tetrazolium (NBT) and crude extract. Finally,
2.4 mM riboflavin was added and afterwards samples were placed under an
UV lamp for 10 minutes. At the same time a blank sample was prepared.
Absorbance was measured, in relation to the blank test, at 1, = 560 nm
using an UV/VIS Spectrophotometer Lambda 11 (Perkin Elmer). One unit of
SOD activity was defined as the quantity of the enzyme required to reduce
absorbance by 50% in comparison to the blank sample per one mg of pro-
tein. The level of proteins was measured according to BRADFORD (1976) using
serum albumin (Sigma) as a standard.

Statistical analysis

All preparations, for each year, were done as independent triplicates.
Standard deviations for means were calculated and correlations and linear
regressions were determined using Statistica and GraphPad Prim software.

Multivariate analysis of variance for factorial experiments was applied
in order to determine spatial and time variability in metal contents (zinc,
cadmium, lead and copper) in sediments of analyzed reservoirs and in Phrag-
mites australis plants.

RESULTS

Estimation of heavy metal contamination in water reservoirs

The analysis of canonical variables, used to assess the variation and
similarity of analyzed reservoirs in terms of heavy metal accumulation in
sediments, showed that the biggest differences in the contents of analyzed
metals in sediments were found between Solacki Pond (SP) and the other
reservoirs (Figure la). Mahalanobis distances between this reservoir and
the other water bodies were 230.95, 186.46 and 207.64 for KL, SL and RL,
respectively, and they were on average 4 times bigger than that e.g. be-
tween KL and SL, amounting to 54.27. Thus, a markedly different distribu-
tion of metals was recorded in the SP sediment, which may be related to
the location of this reservoir closest to the city centre of Poznan.

Graphic analysis of similarities and differences in metal contents in sed-
iments in terms of sampling dates showed the dissimilarity of the third
date, i.e. autumn (November) — Figure 1b. Metal contents at that time were
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Fig. 1 . Similarities of heavy metal accumulation in sediments analyzed in years 2005-2006:
a — between four reservoirs (KL, SL, RL and SP), b — between periods of analyses,
¢ — rushes compare to area out of plants

higher than on the other two dates, which is confirmed by the calculated
Mahalanobis distance, which for May and November was 10 times higher
than for May and August.

When analyzing rushes, i.e. sites overgrown with shore plants, in terms
of the accumulation of heavy metals in sediments, differences were found
between sampling sites in the case of samples free from plants and sites
where macrophytes were found, which indicates that heavy metals are accu-
mulated in aquatic macrophytes (Figure 1c). The discussed differences are
reflected in the calculated Mahalanobis distance, which amounted to 70.04
for Phragmites australis rushes and a site free from vegetation.
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Cadmium and lead accumulation in common reed

Annual mean cadmium content in common reed organs was 2-fold high-
er in 2006 than in 2005 (Figure 2a). The lowest concentration was recorded
in plants collected from Lake Kierskie (KL), a slightly higher level was ob-
served in those from Lake Strzeszynskie (SL) and the highest — in plants
from Rusatka (RL) and Sotacki Pond (SP). Similar relations were observed
in both years.

The average lead concentration was 5-10-fold higher than that of cadmi-
um and similar in both years. The lowest accumulation was recorded in
plants collected from Lake Strzeszynskie (SL). In the remaining reservoirs
concentrations of this metal were similar.

When analyzing similarities of plant collection dates in the years 2005-
-2006 in terms of the accumulation of all the analyzed metals (Zn, Cd, Pb
and Cu), a considerable difference was found between the first (May) and
the third date (November) (Figure 2b).

Q

0 Cd 2005 OCd 2006 B Pb 2005 M Pb 2006

heavy metals concentration (mg kg'fw)

*
s 1857 August

Q) B

SO May
13.2 1 * November
13.1

0 1 2 3
V,(97.34%)

Fig. 2. Heavy metal accumulation in common reed (Phragmites australis) grown in four
natural water ecosystems (KL, SL, RL and SP — explanations see Fig. 1) analyzed in 2005-
2006: @ — cadmium and lead concentration, b — similarity between periods of analyses
(means for zinc, cadmium, lead and copper)
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Moreover, in 2005 the accumulation of both metals was analysed in in-
dividual organs, i.e. in leaves, stems and rhizomes. In all plant parts the
lowest content of cadmium (Figure 3) was recorded in May, at the beginning
of the vegetative period, and the highest — at the end of vegetation (Novem-
ber), so the Cd content was increasing during the growth process. There
was a noticeable disproportion in its accumulation depending on the exam-
ined lakes: slight in KL and SL, while considerable in RL and SP plants.

The level of lead contamination measured in leaves was similar in all
the lakes and changed little during the vegetation season (Figure 4). In
shoots its content was twice as high in KL as in the other lakes and

leaves

Cd concentration (mg kglfw)
o

SP

|:| May D August B November

Fig. 3. Cadmium concentration in common reed leaves, stems and rhizomes grown in
natural water ecosystems (KL, SL, RL, SP — explanations see Fig. 1), measured in May,
August, and November
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Fig. 4. Lead concentration in common reed leaves, stems and rhizomes grown in natural
water ecosystems (KL, SL, RL, SP— explanations see Fig. 1), measured in May, August,
and November

during the vegetation period the changes were noticeable. In rhizomes the
Pb content increased between May and November and was relatively simi-
lar in plants from all the lakes.

Table 1 presents bioaccumulation indexes of elements, expressed in the
ratios of contents in leaves and rhizomes to the concentrations of this metal
in the bottom sediment of the reservoir. The value of this index recorded
for cadmium was 2- to 4-fold higher than that of lead. When comparing the
bioaccumulation index of both analyzed metals in aerial and underground

parts of common reed plants, higher bicaccumulation of Cd and Pb was
found in rhizomes.
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Table 1
Bioaccumulation of cadmium and lead in Phragmites australis measured in leaves

and rhizomes in relation to sediment (mean for 2005 and 2006)

Bioaccumulation index
Metal Plant organ
KL SL RL SP
cd leaves 291 091 1.13 1.26
rhizomes 4.62 1.90 1.28 0.96
Pb leaves 1.01 0.93 0.81 0.36
rhizomes 1.28 1.31 1.03 0.30

KL, SL, RL, SP — see Fig 1.

In conclusion, Pb content in common reed tissues exceeded the level of
Cd and its dynamics of changes in individual plant organs and bioaccumula-
tion indexes were different for the examined lakes.

Antioxidant enzyme activity

The constitutive level of ascorbate peroxidase (APX) activity was the
highest in leaves and the lowest in common reed stems (Figure 5a). During
the experimental season the changes were negligible in leaves and stems.
In rhizomes the APX level was very low in May and then successively in-
creased, irrespective of the analyzed water reservoir.

Guaiacol peroxidase (GPX) activity was relatively high in common reed
stems as compared to leaves and rhizomes (Figure 5b). The changes were
not dependent on the investigated water ecosystem.

Superoxide dismutase (SOD) activity was the highest at the beginning of
plant growth, especially in leaves (Figure 5¢). In stems and rhizomes the
highest activities were observed in the middle of the summer (August). Gen-
erally, no differences were found between the analysed lakes.

Statistical analysis

In order to compare heavy metal accumulation and antioxidant enzyme
activities, correlation coefficients were calculated using the Statistica soft-
ware. In 2005 all data were subjected to analyses jointly, without division
into individual plant organs and lakes. A positive correlation was found be-
tween lead concentration and the activity of ascorbate (r=0.423 at p<0.05)
and guaiacol peroxidases (r=0.42 at p<0.05). A negative correlation was ob-
served between the concentration of cadmium and the activity of superoxide
dismutase (Table 2).

In 2006 analyses were carried out for individual organs and some effect
was observed only for leaves. Correlations between the concentration of cad-
mium and GPX activity (r=-0.35 at p<0.05) and lead and both enzymes
(r=-0.31 and r=-0.45) were negative.
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Table 2

Correlation coefficient for linear regression between cadmium and lead accumulation
and the enzymatic activity

Enzyme activity
Metal accumulation
APX POD SOD
Results of 2005 (whole plants)
cd 0.088 0.004 -0.538
- - +
Pb 0.423 0.420 -0.069
+ + -
Results of 2006 (leaves):
cd 0.17 -0.35
- +
Pb -0.31 -0.45
+ +

+ linear dependence
— linear independence

DISCUSSION

The examined water reservoirs are classified as typical urban reservoirs,
in which the quality of water is affected by the neighbouring Poznan ag-
glomeration. When analyzing sediments from the water reservoirs, similar
contents of the four analyzed heavy metals were determined in threelakes:
KL, SL and RL. Moreover, contamination of bottom sediments was statisti-
cally higher in the autumn period (November) than in the spring-summer
period. In turn, the uptake of metals by Ph. australis plants was most in-
tensive in the spring-summer period, which was probably caused both by
intensive transpiration and the demand for functional minerals. Heavy met-
als are also absorbed with nutrients. In the late autumn, especially in 2005,
low temperature promoting the transition of plant to the state of dormancy
reduced metal uptake, even at their highest content in sediments. This de-
pendence was not observed in the case of accumulation of cadmium and
lead.

Contents of these contaminants, especially toxic metals, increase from
May until November, as has been reported by Y& (1997) and VERMA and DUBEY
(2003).

The data concerning bioaccumulation of cadmium and lead are not con-
clusive. However, cadmium is considered to be an element of a much high-
er mobility than lead, although its content in the environment is much
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lower, which was also confirmed in our study. In the analyzed water reser-
voirs, Cd content was at least several-fold lower than that of Pb and varied
in successive years of the study. In terms of the metal content in the ana-
lyzed organs, accumulation of both Cd and Pb adjusted to the fresh weight
basis was similar. In model studies using small Ph. australis plants generat-
ed from embryonic callus tissue, roots accumulated more cadmium than
shoots, which would suggest limited mobility of Cd in this species (FEDIUC,
ErpEr 2002). SmmiLarLy, YE et al. (1997) stated that the highest content of
cadmium was accumulated in reed roots. These data, similarly as the re-
sults of our investigations, indicate that this is characteristic for this aquat-
ic plant. Another species, Typha latifolia, under identical experimental con-
ditions accumulated three times more cadmium than Ph. australis and higher
concentrations were recorded in shoots when compared to common reed.

The fact that lead was accumulated mostly in the underground parts of
common reed is consistent with the commonly accepted view and observa-
tions on different plant species (WmNnpHAM 2001). However, the content of
heavy metals in plants is dependent on their concentration in the nutrition
solution, in soil or in water ecosystems, etc. (YE 1997, WinpHAM 2001, VERMA
Dugey 2003).

An important part of this study was an attempt to assess the depend-
ence between the degree of reservoir contamination, bioaccumulation of ele-
ments, especially cadmium and lead, and the activity of antioxidant enzymes.
A positive correlation between antioxidant enzyme activities and heavy met-
als was recorded only between guaiacol and ascorbate peroxidases and lead,
although changes in the content of this element were slight. Such correla-
tions are known from literature data, but pertain to cadmium (Fepiuc et al.
2001, IanNELI et al. 2002, RULEY et al. 2004, Paczkowska et al. 2007). A nega-
tive correlation was recorded between superoxide dismutase and cadmium,
which was very different from results available in published data, e.g. SHAH
and KuMmar (2001) presented opposite results for rice.

Different results and few statistically proven relations may have been
caused by the fact that plants were taken directly from their natural envi-
ronment, where concentrations of cadmium and lead were considerably low-
er than in plants used in laboratory experiments. Furthermore, various
environmental factors, such as temperature or solar exposure, etc., had
a considerable effect on the activity of antioxidant enzymes.

CONCLUSION

Very low concentrations of heavy metals in the natural ecosystems were
determined in the present study, with variations occurring between the res-
ervoirs and between the sampling dates (the spring and autumn periods).
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Although marked cadmium bioaccumulation was recorded, it did not have
an effect on the activity of antioxidant enzymes. Enzymatic activities could
have been stimulated by other environmental factors. At such a low heavy
metal contamination, the tolerance of Ph. australis is probably sufficient for
homeostasis.
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Abstract

Preparation of solid dispersions is a popular pharmaceutical technology designed to
improve the solubility and absorption characteristics of drugs. Solubilizing and moisturizing
of carriers show influence on therapeutic substances; although dissolution of molecular
dispersion of particles of the therapeutic substance in a neutral carrier is of utmost impor-
tance.

This paper present the results of the research on influence of modification the struc-
ture of magnesium nicotinate Mg(Nic) with ligands, glycine and arginine, on the absorp-
tion process of Mg2+ons in vitro. The absorption area was the small intestine of a rat. It
was found that structural changes with an additional arginine or glycine ligand affect the
absorption process of MgZ+ions.

Moreover, the effect of hydrophilic carriers on the partition coefficient (log P) for the
system of n-octanol and phosphate buffer was investigated for the solid dispersions conta-
ining the examined magnesium salts. Phosphatidylcholine (PC-45) and polyvinylpirrolidone
(PVP K-30) were used as carriers for solid dispersions with of magnesium salts. It was
confirmed that using auxiliary substances PC-45 and PVP changes significantly (p<0.05) P
values, corresponding to increasing hydrophobic properties of solid dispersions of the exa-
mined salts.

It was found that modification of the structure of magnesium nicotinate by amino
acids such as arginine or glycine positively influences the absorption process Mg2* ions.
The research carried out on properties of the solid dispersions containing magnesium salts
and phospatidylcholine (PC-45) or magnesium salts and polyvinylpirrolidone (PVP K30) sho-
wed positive influence of these auxiliary substances.

Wactawa Marcoin, Chair and Department of Pharmaceutical Technology, Medical Universi-
ty of Silesia, Sosnowiec, Poland, e-mail: waclawa_marcoin@wp.pl
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OCENA WCHLANIANIA NIKOTYNIANU MAGNEZOWEGO I JEGO POCHODNYCH
Z WYBRANYMI AMINOKWASAMI

Abstrakt

Wytwarzanie statych dyspersji jest popularng metoda technologiczna stosowang w ce-
lu poprawy rozpuszczalnoSci i wchtaniania lekéw. Wlasciwosci solubilizujgce oraz zwilzajace
no$nik6w majg wplyw na proces rozpuszczania substancji leczniczych.

W pracy przedstawiono badania wplywu modyfikacji struktury nikotynianu magnezo-
wego Mg(Nik) aminokwasami (argining lub glicyna) na proces wchlaniania jonéw Mg2+tin
vitro. Powierzchnie absorpcji stanowito jelito cienkie szczura. Stwierdzono, ze dodatkowy
ligand argininy lub glicyny w strukturze nikotynanu magnezu wplywa na zmiane para-
metréw procesu wchlaniania jonéw Mg2+.

Ponadto badano wpltyw no$nikéw hydrofilowych na wspéteczynnik podziatu o/w uktadu
n-oktanol/bufor fosforanowy wybranych soli magnezowych stalych rozproszen. Do sporza-
dzenia statych rozproszen z badanymi solami magnezowymi zastosowano fosfatydylocholine
45% (PC-45) i polivinylopirolidon (PVP K-30).

Stwierdzono, ze zastosowanie substancji pomocniczych PC-45, PVP znaczaco (p<0.05)
wplywa na zmiane wartoSci log P, a zatem wzrasta hydrofobowosé statych rozproszen ba-
danych soli. Wykazano, ze modyfikacja struktury nikotynianu magnezu argining lub glicy-
ng wplywa na poprawe absorpcji jonéw magnezowych. Badania wiasciwosci statych rozpro-
szen zawierajacych sole magnezowe — fosfatydylocholine (PC-45) lub sole magnezowe —
poliwinylopirolidon (PVP K-30) wykazaly pozytywny wplyw zastosowanych substancji po-
mocniczych.

Stowa kluczowe: nikotynian magnezu, ligandy: glicyna, arginina, state rozproszenia,
wspétezynnik podzialu, wchtanianie.

INTRODUCTION

Magnesium belongs to essential macroelements which condition proper
functions of human body. It takes part in all important metabolic changes,
in reactions of synthesis of energetically rich compounds mainly ATP, hydro-
gen and electron carriers, or in synthesis and activity of numerous enzymes.
It plays an important role in oxidation-reduction processes or maintaining
acid-basic balance. Magnesium has also been demonstrated to alleviate stress,
allergies, anaphylactic condition or inflammation states and to participate in
defence processes (SzmiTz et al. 2007, Touyz 2004). Magnesium is a stabilizer
of cell membranes, influencing their fluidity and permeability (KoNRaAD Et al.
2004). Based on numerous studies it has been shown that Mg chelated with
amino acids and pyridoxine is well absorbed. It has been proved that amino
acids such as aspartic acid, cysteine, arginine and glycine act as carriers in
Mg 2* ion transport (OLEDzZKA 1999, MarcoN and Szulc 2002).
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Magnesium is essential in human diet and its lack can cause many dis-
eases (GRIGORYAN, KomPaNTSEVA 2005). Oral or intravenous Mg supplementa-
tion is an effective method of combating and preventing its deficiency (Skis-
NIEWSKA 2000). Market demand for preparations containing their very
important bioelement is continually growing.

For supplementation the best are magnesium compounds containing or-
ganic anions, chelate compounds of moderate strength, which protect metal
ions against binding in sparingly soluble compounds (Firoz, GRABER 2001)
They facilitate its transport through walls of intestines and release metal
ions into serum, where they can be added to right receptors and then trans-
mitted to cells. While working on new drugs, mechanisms and factors condi-
tioning gastrointestinal absorption are of the utmost importance. Hydropho-
bicity, a property indicating ability of a drug to permeate through cell
membranes, has great importance for the interaction of the drug with
a receptor. Hydrophobicity of a given compound can be determined experi-
mentally by finding a partition coefficient between the two phases (log P),
a parameter determining lipophilic-hydrophilic balance, which reflects pas-
sive transport of a drug in organism.

Preparations containing nicotinic acid (pyridino-3-carboxylic acid) with
magnesium are applied in disturbances of peripheral circulation treatment,
hypercholesteremy, migraine, podagra. Mineral amino acids chelate (glyci-
nate nicotinate: Cu, Zn, Cr, Ca, Mg) are applied to supplement the diet its
source of bioelements found in food meant for people.

In order to obtain a drug with improved Mg2* ions absorption, modifica-
tion of the structure of a magnesium nicotinate molecule was attained via
amino acids ligands. In the previous paper (MarcoiN and Szurc 2002), posi-
tive influence of an additional ligand of glycine to the structure of magnesi-
um nicotinate in the process of absorption of Mg2+ ions in the small intes-
tine was presented.

The subject of this paper is comparative evaluation of in vitro absorp-
tion of Mg2* ions from magnesium nicotinate and magnesium nicotinate
modified with arginine or glycine. Increasing dissolution rate of therapeutic
substances in solid dispersions depends on the kind and amount of the car-
rier as well as the production method. Production of solid dispersions is
among methods frequently used in order to improve pharmaceutical availa-
bility and, consequently, bioavailability of therapeutic substances. The most
common carriers to produce solid dispersions are polyvinylpyrrolidone (PVP),
polyethylenglycols (PEG), derivatives of cellulose and phospholipids. Solubi-
lizing and moisturizing properties of carriers show influence on dissolution
process of therapeutic substances; yet molecular dispersion of particles of
a therapeutic substance in a neutral carrier has the greatest significance.
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MATERIALS AND METHODS

The following salts were examined:
— magnesium nicotinate: Mg(Nic), Mg(CgH, OgN),, mol.wt. 268.31
— magnesium aginine-nicotinate: Mg(NicArg), Mg(C,,H;40,4N;), mol.wt. 320.43
— magnesium glycine-nicotinate: Mg(NicGly), Mg(CgHgO,4N,), mol.wt. 284.31.

In order to produce solid dispersions the auxiliary substances such as:

— phosphatidylcholine 45% (PC-45), (Lucas Meyer, Ltd);
— polivinylopirolidon (PVP), (Serva), were used.

All the chemicals were analytical reagent grade.

The synthesis of magnesium nicotinate was carried out according to the
procedure described in the paper of MarcoiN and Ryszka (1991). The magne-
sium nicotinate salts with amino acids (arginine or glycine) were obtained
in a reaction of magnesium nicotinate and an appropriate amino acid in
water solution of molar ratio 1:1. The synthesis was carried out at 60-70°C,
the mixture being stirred intensely for 3 h. The products of the synthesis
were isolated from the solution by water evaporation under low pressure
evaporator (Unipam — 350), then crystallized from methanol and dried at
room temperature. The content of magnesium was measured in an atomic
absorption spectrophotometer (Carl Zeiss Jena model AAF 3) at the wave-
length of 285.2 nm.

Preparation of solid dispersions. Solid dispersions were prepared in the
granule form. Micronized magnesium salt was mixed with the selected car-
rier (PC-45 or PVP) in molar ratio (1:10) and dissolved in ethanol. After
complete evaporation of ethanol, the solid dispersions were dried under vac-
uum and unified through a sieve (1.0 mm).

Partition coefficient o/w (log P). For the solid dispersions the partition
coefficient o/w (log P) for the system of n-octanol/phosphate buffer was de-
termined according to the theory delineated by HanscH et al. (1962).

Absorption process of Mg?* ions in vitro for magnesium salts. Investiga-
tion of the absorption process of Mg2+ ions for magnesium salts was carried
on an in vitro model according to the method described previously (MaRcoIN
and Szurc 2002), in which the absorption area was the small intestine (ile-
um) of a rat. The essential part of this apparatus was a glass chamber
of 30 cm3 capacity, thermostated at 37°C and filled with solution of 4 mM of
the analysed magnesium salt. Aqueous 0.9% NaCl solution was pumped with
a peristaltic pump through the intestine segment at a constant collected
rate of 1.2 ml min'l. Samples were collected every 15 min. and the magne-
sium content was measured by atomic absorption spectrophotometry (Spec-
trophotometer of AAF 3 Carl Zeis Jena) at the wavelength 285.2 nm. The
study had been approved by the Bioethics Committee of the Medical Univer-
sity of Silesia. The results consisting of the absorption rate constant (k) and
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absorption half time (t5,,) were calculated. The measurements were repeat-
ed six times in order to minimise statistical errors. Standard deviation (SD)
and variance (V) were determined.

Statistical analysis. All values were expressed as mean + SEM. The
measurements were repeated six times. Statistical significance was tested
by repeated measures using ANOVA followed by Kruskal-Wallis test or esle
Post Hoc multiple comparisons were done. P<0.05 was considered signifi-
cant.

RESULTS AND DISCUSSION

Modification of the magnesium nicotinate structure with ligand of ar-
ginine or glycine had positive influence on the parameters describing kinet-
ics of Mg2* ionic absorption in the small intestine of a in vitro rat system.
The results are presented in Table 1 and Figure 1. Absorption of Mg2+ ions
in a segment of the small intestine was carried out in agreement with the
first order kinetics. The absorption of Mg2* ions was the fastest for
Mg(NicArg), followed by Mg(NicGly), but it was the slowest for the parent
compound Mg(Nic). The amount of absorbed Mg2* ions for all the measure-
ment points showed statistically significant differences (p<0.05) compared
with Mg(Nic) (Figure 1). Significant difference was found between Mg(Nic)
and Mg(NicGly) (p<0.05) after 75 and 90 minutes.

Comparing the half time of absorption (t5,,,) of Mg?2* ions with magnesi-
um nicotinate modified by arginine with the parent compound shows its
decrease of 0.75 hour. The parameters specifying the absorption process in-
dicate that arginine and glycine are good carriers for transporting Mg2+
ions. Analysis of the present results shows that structural changes with an

Table 1
Parameters describing Mg2*-ions absorption from magnesium salts in a small intestine
Total amount
(%)
%10-3 of absorbed
alte ’imli?l) t(%?;/ Mg2* ions (Z/Z) (+)SD
within 2 h
of the
experiment
Mg (Nic) 1.99 6.04 19.80 5.31 1.04
Mg (NicArg) 2.20% 5.29% 22.51* 3.88 0.87
Mg (NicGly) 2.07 5.58 21.40 5.48 1.15

*P<0.05 vs. Mg(Nic), £ — absorption rate constant; tsy, — absorption half -time;
V — variance; SD — standard deviation
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Fig. 1. The absorption rates of Mg2+ through the rat's small intestine from solutions
of magnesium salts with modified structure.

Values are expressed as mean = SD (n=6). *P<0.05 vs. Mg(Nic) at the same time point

Table 1
Parameters describing Mg2*-ions absorption from magnesium salts in a small intestine
Total amount
(%)
#10-3 of absorbed
salts AZn}i(rJl) t(% Mg? ions (}7; (=) SD
within 2 h
of the
experiment
Mg (Nic) 1.99 6.04 19.80 5.31 1.04
Mg (NicArg) 2.20% 5.29% 22.51% 3.88 0.87
Mg (NicGly) 2.07 5.58 21.40 5.48 1.15

*P<0.05 vs. Mg(Nic), k — absorption rate constant; t5y, — absorption half -time;
V - variance; SD — standard deviation

additional arginine or glycine ligand modify absorption of Mg2*. Increasing
the length of a magnesium nicotinate chain by adding ligand positively in-
fluences polarity, which is the sum of various intermolecular reactions of
donor — acceptor type.

In the case of magnesium nicotinate modified with glycine ligand, the
factors characteristic for magnesium absorption were improved. Comparing
the effects of amino acids applied to modify magnesium nicotinate, the influ-
ence of the substituent structure is evident. By introducing appropriate sub-
stituents into a particle, it is possible to influence its physicochemical prop-
erties and, eventually, its biological activity. The donor atoms such as oxygen
and nitrogen found in particles of amino acids condition formation of bind-
ings. The guanidine group may form characteristic pairs of dionic hydrogen
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bonds, which are responsible for the power of bonding. It is well known that
the guanidine group of arginyl radicals is important for proteins to maintain
the tertiary protein structure through interior “salt bridges” with carboxyl

groups and for bonding and differentiating amino substrates by enzymes,
receptor sites (LEHN 1985).

Reactions with amino acids may alter molecule properties such as solu-
bility, partition coefficient between n-octanol phase and water one as well as
other characteristics which are of importance for drug absorption, distribu-
tion and excretion. Particles capable of reacting with anions by means of
hydrogen bonds through electrically neutral polar centers (e.g. hydroxyl,
amide groups) become a class of potential carriers making diffusion via mem-
branes easier (MARGALIT et al. 1979).

Figure 2 contains the log P values determined for the partition coeffi-
cient of the examined dispersions containing selected magnesium salts be-
tween n-octanol phase and water phase. As the calculated values of the par-
tition coefficient (log P) for solid dispersions without addition of auxiliary
substances such as PVP and PC-45 show, modification of the parent com-
pound with glycine ligand increases log P value by 0.149 units (p<0.05) while
for the modification with arginine ligand the increase is 0.090 (p<0.05). Us-
ing auxiliary substances such as PVP, PC-45 influences significantly (p<0.05)
change of log P values, therefore hydrophobicity of the examined solid dis-
persions containing magnesium salts increases. Addition of PC-45 is more
effective than that of PVP for solid dispersions containing Mg(NicArg) and

(log P)
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0.7 i s 1 |
i | — i | i
0.6 | - 5 i | &
o) 0
0.5 b i E § g §
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Fig. 2. The values partition coefficient (log P) for solid dispersions containing magnesium
salts. Values are expressed as mean + SD (n=6).

d,g bars : ¥P<0.05 vs. a bar; b,c bars: ¥*P<0.05 vs. a bar; e,f bars: *P<0.05 vs. d bar; h,i bars:
*P<0.05 vs. g bar.

Magnesium salts: Mg(Nic), Mg(NicArg), Mg(NicGly). Solid dispersions: Mg(Nic)+PVP,
Mg(Nic)+PC45, Mg(NicArg)+PVP,

Mg(NicArg)+PC45, Mg(NicGly)+PVP, Mg(NicGly)+PC45
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Mg(NicGly). The highest log P value (0.695) was obtained in the case
of Mg(NicGly); for Mg(NicArg) the log P value equalled 0.660. The improve-
ment of hydrophobic properties of the magnesium salts contained in the
solid dispersions via addition of PVP and PC45 carriers depends on their
physicochemical properties.

Phosphatidylcholine conditions the hydrophobic balance and creates hy-
drogen bonds with a drug. Phosphatidylcholine was applied as a carrier in
dispersion systems for indomethacin, phenobarbital, benzodiazepine deriva-
tives (Law et al. 1992). Complex studies of solid dispersions proved that the
applied carriers can improve the rate of dissolution and, consequently, phar-
maceutical availability of drugs. Positive results were obtained by MARSAC et
al. (2008) who examined solid dispersions containing nifedipine and felodipine
in the presence of PVP. Physical stability of the examined dispersions was
linked with their amorphic properties as well as low hygroscopic properties.

PateL and PateL (2007) obtained improvement of lovastatin solubility for
PVP polymer matrix dispersion. They identified decrease of the crystalline
and increase of the amorphous fraction of the drug by means of X-ray,
DSC,FT-IR analysis methods. DHUMAL et al.(2007), in examinations of stabili-
ty of solid oral forms of a drug containing celecoxib, used PVP and carra-
geenan. They did not find recrystallization of amorphous drugs since prepa-
ration, during processing and further storage.

Positive influence of water soluble polymers (PVP) on hydroxypropyl-
beta-cyclodextrin complexation of rofecoxib was described by SineH and ABouL-
ENEIN (2007). Considerable improvement of pharmaceutical availability of val-
decoxib was attained by application of solid dispersions with PVP in tablets
(ArTAaB and PrarHAD 2006). In order to improve solubility of tenoxicam and
flurinazine EiL- Gazaverry et al. (2000) and MARIN et al. (2002) used PVP
as a carrier for these substances in solid dispersions.

CONCLUSION

Modification of magnesium nicotinate structure with arginine or glycine
ligand influences both solubility and ability of Mg2+ ions to penetrate through
the small intestine of a rat. Additional ligands of arginine or glycine in the
magnesium nicotinate structure are said to be good carriers of Mg?* ions.
The use of the auxiliary substances such as PVP, PC-45 in solid dispersions
causes a decrease of dissolution and absorption process, which is evidenced
by log P values. Addition of PC-45 to solid dispersion is more advantageous
than PVP.



321

REFERENCES

ArTAB M., PrarHAD T. 2006. Enhancement of dissolution profile by solid dispersion (kne-
ading) technique . AAPS Pharm. Sc. Tech., 7(3): 68 E1-E6.

DuumaL R.S., SuiMpi S.L., ParaDKAR A.R. 2007. Development of spray-dried co-precipitate of
amorphous celecoxib containing storage and compression stabilizers. Acta Pharm.,
57(3): 287-300.

Er-GazaverLy O.N. 2000. Characterization and evaluation tenoxicam coprecipitates. Drug
Dev. Ind. Pharm., 26: 925-930.

Firoz M., GraBER M. 2001. Bioavailability of us commercial magnesium preparations. Mag
Res., 14(4): 257-262.

GricorYAaN L.V., KompanTseva YE.V. 2005. Developing the conditions for preparing organic
magnesium salt and investigating its composition. J. Neurosurgical Problems, 4.

Hanscu C., Maroney P.P., Fusita T., Muir R.M. 1962. Nature (London) 194, 178.

Konrap M., ScHLIGMANN K.P., GUDERMANN T. 2004. Insights into the molecular nature of ma-
gnesium homeostasis. Am. J. Physiol. Renal. Physiol., 286: F599- F605.

Law S.L., Lo W.Y., Lix F.M., Cuainae C.H. 1992. Dissolution and absorption of nifedipine in
polyethylene glycol solid dispersion containing phospatidylcholine. Int. J. Phar., 84:
161-168.

Lenn J.M. 1985. Chemia supramolekularna [Supramolecular Chemistry]. PAN, Warszawa.

MarcoiN W., Ryszka F. 1991. Wybrane zwiqzki magnezoorganiczne o spodziewanym dziataniu
farmakologicznym [Some magnesium organic compounds expected to produce pharma-
cological effects]. Ann. Acad. Med. Siles., 23: 45-53.

Marcoin W., Szurc B. 2002. Influence of aminoacid anions on the absorption process of
Mg?*ions in vitro. Sci. Pharm., 70: 29-37.

Margauir R., EisenmaN G., Gross E., MeENHOFER J. 1979. (EDS) Peptides: Structure and biolo-
gical function. Proc. of the 6" American Peptide Symposium, Pierce Chemical Company,
pp. 665-679.

MariNn M.T., MarcariT M.V., Sarcepo G.E. 2002. Characterization and solubility study of solid
dispersions of flunarizine and polyvinylpyrrolidone. Farmaco., Sep., 57(9): 723-727.
Marsac P.J., Konno H., RumonDpoR A.C., TavLor L.S. 2008. Recrystallization of nifedipine and
felodipine from amorphous molecular level solid dispersions containing poly(vinylpyr-

rolidone) and sorbed water. Pharm. Res., Mar; 25(3): 647-656.

Orepzra R. 1999. Wchianianie magnezu [Magnesium absorption]. Biul. Magnezol., 4(1):
229-235.

Parer R.P., Pate. M.M. 2007. Physicochemical characterization and dissolution study of
solid dispersions of Lovastatin with polyethylene glycol 4000 and polyvinylpyrrolidone
K30. Pharm-Dev-Technol., 12(1): 21-33.

SingH 1., ABouL-ENEIN H.Y. 2007. Influence of water soluble polymers on hydroxypropyl-beta-
cyclodextrin complexation of rofecoxib. Pharmazie., 62(4): 284-286.

SkiBNTEWSKA K.A. 2000. Jakosé wspétczesnego pozywienia w swietle badari CRP pobieranych
metodq podwdjnej porcji [Quality of contemporary food as demonstrated by CRP rese-
arch using the double ration method]. Kongres 2000, 26-28 kwietnia Warszawa, 106

Szmrrz C., DEasoN F., PERRAUD A.L. 2007. Molecular components of verterbrate Mg®*homeosta-
sis regulation. Mag. Res., 20(1): 6-18.

Touyz R.M. 2004. Magnesium in clinical medicine. Front. Biosci., 9: 1278-93.






J. Elementol. 2009, 14(2): 323-330

EFFECT OF UREA APPLIED WITH
COMPOSTS ON CONCENTRATION OF Cu,
Zn AND Mn IN CORN FRESH MATTER

Zbigniew Mazur!, Stanislaw Sienkiewicz?

1Chair of Environmental Chemistry
2Chair of Agricultural Chemistry and Environmental Protection
University of Warmia and Mazury in Olsztyn

Abstract

Corn was grown for green matter in a pot experiment, in which soil was fertilized
with composts alone or in combination with 3 g N per pot (urea). The composts were made
in wooden boxes, measuring 50x60x60 cm. They were composted for 3.5 months, until the
temperature in the composts became stable and equal to the ambient temperature. Rates
of the composts were balanced with amounts of added nitroge, such as 6.0 g N per pot. A
one-factor experiment was conducted in Kick-Brauckmann pots, kept in a greenhouse at
the University of Warmia and Mazury in Olsztyn. After harvest, fresh matter of stems and
leaves as well as corn cobs was determined. Next, the plant samples were dried to deter-
mine the dry matter content and finally, after mineralisation, the concentration of Cu, Zn
and Mn was determined by atomic absorption spectrophotometry. The composts significan-
tly reduced the concentration of zinc and manganese in the vegetative yield of cor (Istems
and leaves). Urea applied in combination with the composts very strongly increased the
concentration of manganese and, to a lesser degree, the level of zinc and copper in vege-
tative organs. In corn cobs, the application of urea increased only the content of mangane-
se. Urea had a stronger effect on increasing the weight of cobs rather than the vegetative
mass of corn plants. The uptake of Cu, Zn and Mn was more evidently conditioned by the
accumulation of these elements in dry matter than by the total weight of corn plants. The
extent of the relationship between the uptake of Cu, Zn and Mn and their concentration
of corn biomass is expressed the by corresponding correlation coefficients: 0.66, 0.65 and
0.68.

Key words: corn, composts, urea, Cu, Zn and Mn.
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DZIALANIE MOCZNIKA STOSOWANEGO LACZNIE Z KOMPOSTAMI
NA ZAWARTOSC Cu, Zn I Mn W ZIELONEJ MASIE KUKURYDZY

Abstrakt

W doswiadczeniu wazonowym uprawiano kukurydze na zielong mase, ktorag nawozo-
no kompostami lub kompostami z dodatkiem 3 g N na wazon (mocznik). Komposty zatozo-
no w skrzyniach z desek o wymiarach 50x60x60 cm. Okres kompostowania wynosit 3,5
miesigca, do ustabilizowania temperatury réwnej otoczeniu. Dawki kompostéw byty zréw-
nowazone iloScig wprowadzonego azotu, tj. 6,0 g N na wazon. Doswiadczenie jednoczynni-
kowe przeprowadzono w hali wegetacyjnej UWM w Olsztynie, w wazonach typu Kick-
-Brauckmanna. Po zbiorze kukurydzy okreslono $wieza mase todyg i liSci oraz kolb, po
wysuszeniu — zawarto$¢ suchej masy, po mineralizacji probek oznaczono koncentracje Cu,
Zn i Mn metodg absorpcyjnej spektrometrii atomowej. Komposty istotnie ograniczaty kon-
centracje cynku i manganu w wegetatywnym plonie kukurydzy (fodygi + liScie). Mocznik
zastosowany lacznie z kompostami bardzo silnie zwiekszal koncentracje manganu oraz
w mniejszym stopniu cynku i miedzi w organach wegetatywnych. Pod wpltywem mocznika
w kolbach zwiekszyta sie jedynie zawarto§¢ manganu. Mocznik silniej zwigkszat mase kolb
niz mase wegetatywng kukurydzy. O pobraniu Cu, Zn i Mn w wigkszym stopniu decydo-
walo ich nagromadzenie w suchej masie niz catkowita masa kukurydzy. Sile zaleznosci po-
brania Cu, Zn i Mn od ich zawarto$ci w biomasie kukurydzy okreslajg wspétczynniki kore-
lacji, odpowiednio: 0,66, 0,65 i 0,68.

Stowa kluczowe: kukurydza, komposty, mocznik, Cu, Zn, Mn.

INTRODUCTION

Corn is one of the most popular crops. Discovered in Central America,
it was brought to Europe in 1494, after the second travel of Christopher
Columbus to America. At that time it was described as a very large plant
with a beautiful stem and golden grain. Corn is a popular crop mainly be-
cause it is capable of producing high yields, consisting of nutritious green
matter and grain (BiLski et al. 1997). However, for the plant to give large,
good quality yields, it needs to be supplied with suitable nutrients. Corn is
very sensitive to organic and mineral fertilization (SiENkiEwICZ 2003).

Apart from macronutrients, corn often needs microelements (Spiak 2000).
Sound fertilization regimes can satisfy plants’ requirements for micronutri-
ents (Mazur, Mazur 2002, Rutkowska et al. 2002). Plants which receive all
necessary nutrients are able to produce large yields which are of superior
nutritional quality. This also concerns micronutrients, which are better to
be given to animals in feeds and to people in foodstuff than as chemical
supplements.

Using bio-waste, such as sludge, in agriculture is still a controversial
issue. Processed (composted) sewage sludge generates much better results
than fresh sludge (HErmaNN, HarRASIMOWICZ-HERMANN 2006). Concern is raised
by the trace elements which can enter soil along with sewage sludge
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(McBgrIDE et al. 2004, Bowszys et al. 2007). This can lead to excessive accu-
mulation of such elements in plants (RaTTan et al. 2005), especially when
grown on moist soils (Diatta 2008).

The purpose of this study has been to analyse the influence of urea
applied in combination with various composts on the content of three micro-
nutrients (Cu, Zn and MnO in corn.

MATERIAL AND METHODS

Sewage sludge from the wastewater treatment plant in Olecko was used
to produce composts. It was composted with sawdust, lignite and molasses
brewing extract (Table 1). The composts were placed into wooden boxes meas-
uring 50x60x60 cm located at the Wastewater Treatment Plant in Olecko.
They were composted for 3.5 months, that is until the temperature inside
the composts became stable and equal the ambient temperature. The com-
posts were preserved for the pot trials. Kick-Brauckmann pots were filled
with 9 kg of soil taken from the arable horizon and previously mixed with
the composts. The grain size distribution of the soil material was as follows:
44% sand, 39% dust and 7% floatable particles. The content of organic car-
bon and total nitrogen was 10.9 and 0.54 g-kg'l, respectively. The soil was
moderately abundant in K and Mg but low in P whereas the concentration
of available micronutrients (Cu, Zn and Mn) was within the middle range.

Table 1
Content of macro- and micronutrients in composts
Com- N | P | K [ Mg | cu| zZn | Mm
Composition*
post g-kg! of dry matter mg-kg! of dry matter
1 |70%sludge +30% | 5400 | 955 | 769 | 154 | 1062 | 2107 | 1915
sawdust
70% sludge + 20%
2 |sawdust + 10% 21.90 | 12.19 9.40 2.71 118.3 | 221.3 | 209.9
lignite
60% sludge + 20%
g [sawdust +10% 21.00 | 1824 | 1451 | 265 | 985 | 2059 | 1806
lignite + 10%
extract**

Xdry matter, **fresh matter

A one-factor experiment with four replications was conducted in a green-
house, at the UWM in Olsztyn. After emergence, 7 plants were left in each
plot. The corn plants were harvested after 80 days of vegetative growth.
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The experiment consisted of 7 objects:

1) no fertilization (control),

2) compost 1,

3) compost 2,

4) compost 3,

5) compost 1 + urea (3 g N per pot),
6) compost 2 + urea (3 g N per pot),
7) compost 3 + urea (3 g N per pot).

The rates of the composts applied were balanced with the amounts
of nitrogen introduced to the post, such as 6.0 g N per pot. After harvest,
fresh yield was determined (stems + leaves, and corn cobs). Once the sam-
ples were dried and mineralized, the concentration of Cu, Zn and Mn was
determined with the AAS method. The results underwent statistical process-
ing, using analysis of variance for a one-factor experiment.

RESULTS

The fertilization treatments differentiated the content of copper, zinc
and manganese in dry matter of stems and leaves as well as cobs (Table 2).
The composts led to a considerable reduction in the concentration of zinc
and manganese in the vegetative mass of corn (stems + leaves). This may
have been caused by the enhanced binding of these metals to the organic
matter introduced to soil along with the composts. Organic matter strongly
inhibits the uptake of trace elements by plants (SaHa et al. 1999). Weber et
al. (2003) claims that composts improve the base saturation of the sorptive
complex, which limits the uptake of trace metals. No such dependence oc-
curred for copper, although this metal is very strongly bounded to organic

Table 2
Content of Cu, Zn and Mn in corn (mg-kg™ of dry mattrer)
Cu Zn Mn

Fertilization leaves leaves leaves
and corncobs and Ezll;rsl and 22{)2

stems stems stems

Control 4.96 - 35.56 - 62.12
Compost 1 5.09 7.60 11.82 71.64 36.20 29.24
Compost 2 4.64 7.13 24.44 47.38 36.88 21.96
Compost 3 541 8.19 24.88 52.76 41.48 18.90
Compost 1 + urea 6.63 7.75 35.74 54.00 130.14 35.52
Compost 2 + urea 5.96 5.20 39.98 51.80 134.50 27.72
Compost 3 + urea 4.96 6.00 22.94 44.92 107.90 22.62
LSDy; 0.60 067 0.37 0.97 0.54 0.33
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matter. It can be suspected that during the mineralization process, more
available copper was present in the soil. In turn, urea applied along with
one of the composts very strongly increased the concentration of manga-
nese and, to a lesser degree, the levels of zinc and copper in the vegetative
parts of corn plants. Under the effect of urea, corn cobs were found to be
richer only in manganese. The increase in the concentration of these met-
als in corn is attributable to their greater availability in soil, which was
improved by soil’s acidification due to nitrification of ammonium (following
the ammonification of urea). It can also by hypothesized that translocation
of Cu and Zn to cobs was restricted to a greater extent than that of manga-
nese. Comparison of the means from the series with the composts and the
objects receiving the composts with urea showed that N-min significantly
differentiated the content of the micronutrients. Assuming that the content
of the micronutrients in the series without NOmin was 1.0, any increase or
decrease in the concentration of the elements is represented by the follow-
ing values:

Micronutrient leaves and stems cobs
Cu 1.16 0.83
7n 1.61 0.88
Mn 3.18 1.19

The above proves that the N-min fertilization had the strongest influ-
ence on the content of Mn, while affecting the most weakly the level of Cu.
The amounts of the trace elements in corn are different from the ones
reported by SapEJ et al. (2004). Considering the mean values, the Cu con-
centration was approximately 2-fold higher in our study than in the cited
paper. The difference in the content of Mn was even greater. Kaczor et al.
(2006), who tested oilseed rape fertilized with sewage sludge, obtained very
high concentration of Mn in plants during the inflorescence stage and in
straw and seeds after harvest. In turn, the concentrations of zinc reported
by SapeJ et al. (2004) was only slightly higher than that obtained in our
study. According to WEBER et al. (2002), a single dose of sludge, be it a high
one, containing large amounts of trace elements may not lead to soil pollu-
tion or raised levels of such elements in plants, even when they grow on
light soils. DE HANN (1981) claims that higher availability of nitrogen in en-
vironment favours increased concentrations of trace elements in plants. The
present tests involved urea, which significantly raised the concentration of
Cu, Zn and Mn in corn.

Also the quantities of fresh and dry matter of corn per pot were signifi-
cantly varied depending on the fertilization system (Table 3). Relative to the
control, fertilization with the composts alone caused a three-fold increase in
green matter. A combination of a compost and urea led to a further increase
of fresh weight, now corn yielded 3.2-fold more green matter than the con-
trol object. Plants from the two objects without N-min. had more dry mat-
ter. This was reflected in the dry matter yield, which was 3.4 and 3.5-fold
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Table 3
Fresh and dry master of maize in g per pot
Fresh matter Dry matter

Fertilization leaves leaves corn
and corn cobs sum and sum

cobs

stems stems
Control 239.0 - - 68.8 - -

Compost 1 706.7 36.0 742.7 259.7 3.5 257.2
Compost 2 Compost 3 696.0 483 7443 | 2464 5.7 252.1
P P 676.0 416 7176 | 2123 5.2 2175
Compost 1 + urea 876.7 415.0 1291.7 225.3 56.8 282.1
Compost 2 + urea 928.0 401.6 1329.6 246.8 52.2 299.0
Compost 3 + urea 874.7 460.0 1334.7 255.4 68.5 323.9
LSDy, 114.3 90.1 123.1 240.0 11.9 39.5

higher, respectively, than the control. Mineral nitrogen produced a particu-
larly strong influence on the weight of cobs, whose fresh matter increased
by 101.3% and dry matter by 123.35 versus the corn growing on soil ferti-
lized exclusively with the composts.

The uptake of the analyzed micronutrients by corn harvested for green
matter depended on fertilization (Table 4). Compared to the control, higher
uptake was observed in the objects fertilized with one of the composts to-
gether with N-min. than receiving only a dose of compost. The improved
uptake of micronutrients stimulated by N-min. was: 44.7% for Cu, 116.1%
for Zn and 232.4% for Mn. With such a large increment in the assimilation
of manganese, the relative ratio of Cu and Zn in the total mass of micronu-
trients taken up by plants was lower than in the series which did not re-
ceive N-min.

Table 4
Uptake of microelements (g per pot)
Fertilization Cu Zn Mn
Control 0.34 2.45 4.27
Compost 1 1.32 3.25 9.18
Compost 2 1.18 6.29 9.09
Compost 3 1.19 5.55 8.81
Mean 1.23 5.03 9.03
Compost 1 + urea 1.93 11.11 29.32
Compost 2 + urea 1.74 12.57 33.19
Compost 3 + urea 1.68 8.94 27.56
Mean 1.78 10.87 30.02
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The calculated correlations have demonstrated that the uptake of Cu,
Zn and Mn was more strongly shaped by the accumulation of these ele-
ments in dry matter (weighted average of the content of micronutrients in
vegetative parts: stems + leaves, and in cobs) than the total yield of corn.
The dependence between the uptake of Cu, Zn or Mn and the content of
these elements corn biomass is defined by the values of correlations: 0.66,
0.65 and 0.68, respectively. The lower values of the correlation coefficients
obtained for the relationship between the uptake of the metals and corn
yield suggest that copper, zinc and manganese could not be implied as fac-
tors limiting the growth of corn, neither when they are insufficient nor
when they appear in excess in soil.

CONCLUSIONS

1. Urea used in combination with composts very strongly increased the
concentration of manganese, less so the content of zinc and copper in vege-
tative parts of corn (stems and leaves). In corn cobs, it was only the level of
manganese that increased under the influence of urea.

2. The uptake of Cu, Zn and Mn by corn is conditioned by the accumu-
lation of these metals in dry matter rather than the total dry matter yield.

3. Sewage sludge-based composts with various added materials (sawdust,
lignite or extract) can be used to fertilize corn.

4. Urea applied along with composts can have a favourable influence on
the quality of green matter used for production of corn silage as such fertili-
zation leads to increased contribution of cob weight to the total vegetative
mass of harvested corn.
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Abstract

The studies included the major organic meadow soils of Szczecin Pomerania, left fal-
low or sporadically used extensively. The following determinations were made: the content
of plant available magnesium and potassium (using HCI at the concentration of 0.5 mol-dm-
3), their total forms (soluble in the mixture of concentrated acids HNOg + HCIO,) as well
as the content of potassium and magnesium in the meadow-pasture sward from the area
under study. The results are presented in Table 1. The investigated peat-muck, gyttia-
muck, mineral-muck and muckous soils, in the surface layer 0-30 cm deep (which was
primarily the muck layer) mostly contained the amounts of potassium and magnesium ty-
pical of organic soils when soluble in the mixture of concentrated acids HNO4+HCIO, but
low and frequently very low amounts of potassium soluble in 0.5 mol-dm=3 HCI from (0.04
to 0.51g-kgl). The content of this form of potassium depended on the degree of peat silta-
tion. Low resources of available potassium were caused by the deficiency of this element
in the meadow pasture sward since only in the sward of the Gryfinski Polder in Miedzy-
odrze and the sward from gyttia-muck soils near Miedwie Lake the optimum amounts were
detected (above 15.0 g-kgl dry matter). In comparison with these results, the content
of magnesium, soluble in 0.5 mol-dm=3 HCI in these soils was more favourable to plants
(generally above 0.40 g-kg'l), which is considered high according to the Institute of Soil
Science and Plant Cultivation (IUNG 1990). In meadow sward, magnesium content mostly
exceeded 2.0 g-kg "1 dry matter so either approached or reached the optimum value for
fodder. Despite this, the calculated K:Mg ionic ratios confirm an unfavourable fodder value.

Key words: organic soils, soil content of potassium and magnesium, sward content
of potassium and magnesium.
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cin, ul. Stowackiego 17, 71-434 Szczecin, e-mail: kgleb@agro.ar.szczecin.pl
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ZAWARTOSC POTASU I MAGNEZU W GLEBACH
ORGANICZNYCH I ROSLINNOSCI LAKOWEJ POMORZA SZCZECINSKIEGO

Abstrakt

Badaniami objeto wazniejsze obszary organicznych gleb igkowych Pomorza Szczecin-
skiego, ktore znajduja sie w stanie odlogowania lub sa tylko sporadycznie ekstensywnie
uzytkowane. Okre§lono w nich zawartosé dostepnego roslinom magnezu i potasu (stosujac
HCl o stezeniu 0,5 moledm3) oraz formy ogdlne (rozpuszczalne w mieszaninie stezonych
kwaséw HNO3+HCIO,) tych pierwiastkéow. Ustalono takze zawarto$¢ potasu i magnezu
w runi takowo-pastwiskowej porastajacej badany teren.

Badane gleby torfowo-murszowe, mulowo-murszowe, gytiowo-murszowe, mineralno-
-murszowe i murszaste w powierzchniowej 0-30 cm warstwie (stanowiacej przewaznie po-
ziom murszowy tych gleb) na ogét zawieraty typowe dla gleb organicznych wartosci potasu
i magnezu rozpuszczalnego w mieszaninie stezonych kwasow HNOg+HClO,. Wykazywaty
natomiast niskie, a czesto nawet bardzo niskie iloSci potasu rozpuszczalnego w HCIl o ste-
zeniu 0,5 mol-dm3 (od 0,04 do 0,51 g-kgl). Przy czym na zawarto$é tej formy potasu duzy
wplyw wywieral stopien zamulenia torfu. Stan niskiej zasobnosci gleb w dostepny roslinom
potas wywotatl niedobor tego pierwiastka w runi lakowo-pastwiskowej, bowiem tylko w runi
Polderu Gryfinskiego w obrebie Miedzyodrza oraz run na glebach gytiowo-murszowych
w poblizu jeziora Miedwie wykazano jego optymalna ilo§é (powyzej 15,0 g-kgls.m.). Na tym
tle badane gleby odznaczaly sie korzystna dla roslin zawartoScia magnezu rozpuszczalnego
w HCI o stezeniu 0,5 mol-dm™3 (z reguly powyzej 0,40 g-kgl), co jest zasobnoscia wysoka.
W runi lakowej zawarto$é magnezu na ogét przekroczyla 2,0 g-kg! s.m., czyli zblizyla sie
lub osiggata warto$¢ optymalng dla pasz. Pomimo to wyliczone proporcje jonowe K:Mg po-
twierdzaja niekorzystng warto$¢ paszy.

Stowa kluczowe: gleby organiczne, potas i magnez w glebach, potas i magnez w runi
takowe;j.

INTRODUCTION

According to the CENTRAL STATISTICAL OFFICE, in 2007 permanent meadows
and pastures covered about 3.3 mln ha in Poland, nearly 10.5% of the coun-
try’s total area. However, in recent years the pastures have been shrinking.
In comparison with 1980, 3.2-fold less land is under pastures now, which
may be attributed to the reduction in cattle stock from 12.6 mln in 1980 to
5.6 mln in 2006. Apparently, this must have happened over the area former-
ly occupied by state farms, including the region of Szczecin Pomerania, where
permanent meadows and pastures make up 14% of agricultural acreage.

In Szczecin Pomerania, permanent grassland (over 80% of total area)
occurs predominantly on organic soils (peat-muck, mud-muck, gyttia-muck,
mineral-muck and muckous soils). They used to be the source of fodder for
cattle breeding on state farms. As a result of intensive grassland manage-
ment, especially NPK fertilization, up to 3 hay cuts were harvested. As ear-
ly as 1990 a reverse trend appeared and many meadows and pastures
of Szczecin Pomerania were left fallow.
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The present study focuses on chemical properties of fallowed or sporadi-
cally extensively used soils under permanent grassland and chemical con-
tent of their vegetation cover.

This paper is the synthesis of study results on the content of magnesi-
um and potassium in the above elements of natural habitat.

MATERIAL AND METHODS

Since 1995, the Department of Soil Science of Szczecin Agricultural Uni-
versity has been investigating chemical properties of organic soils under
permanent grassland. So far the studies have included the largest meadow
complexes of Szczecin Pomerania which have been left idle or sporadically
extensively grazed with cattle or horses. The studies were conducted in the
Ina valley (Wapnica-Suchanéwko), the Odra valley (Marwice-Gryfino), Miedzy-
odrze (mainly in its southern part with the Widuchowski Polder, southern
part of the Gryfinski Polder and Pucka Isle), Miedwie Lake and the mead-
ows along the Baltic Sea coast with halophytic vegetation (objects: the Dziw-
na valley near Jarzebowo, Chrzaszczewska Isle, the Rega valley near
Wiodarka). The study objects are presented in Figure 1. Usually, both the
topsoil and the peat thickness were examined. Over 1000 soil samples and
260 samples of pasture vegetation were analysed. The sward samples were
collected at the end of June and the beginning of July, and mineralised in
a 1:1mixture of concentrated HNO5 + HCIO,.

In order to determine the content of available forms of magnesium and
potassium, a solution of HCl at the concentration 0.5 mol-dm™ was used
according to the recommendation of the Institute of Soil Science and Plant
Cultivation in Putawy (IUNG, 1990). Approximate total values of these ele-
ments were obtained by soil mineralisation in a mixture of concentrated acids
HNO3+HCIO,. Potassium forms were determined using flame spectrophotom-
etry and magnesium content — by atomic absorption spectrophotometry.

General characterisation of study area

This research was conducted on organic meadow soils of Szczecin Po-
merania developed from lowmoor peat of varying siltation, especially in the
upper part of soil profile, classified as peat-muck soils according to the Clas-
sification of Polish Soils (1989), Fibric Histosols according to WRB classifica-
tion 1998 and, near Miedwie Lake, shallow organic-carbonate soils on lacus-
trine chalk, included in gyttia-muck soils (according to WRB 1998 -
Saprihistic Gleysols).

KocHanowska and RYGIELSKI (1994) point out that these soils constitute
vast meadow complexes, measuring 200-4,000 ha, and that 40% of their area
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Fig. 1. Distribution of studied areas (1-10: study objects according to Table 1)

exists due to the polder drainage system. Siltation processes are typical
of valley organic soils but in the case of the Odra valley and the Miedzyo-
drze region, a great role in their intensification is played by river regulation
works and a parallel construction of the waterway SwinoujScie-Szczecin.
These works provided considerable amounts of material from the deepened
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water bodies, which were spread on the adjacent lower areas to enhance
their fertility (Borowiec, KwaARTA 1959).

In the years 1960-1980 the valley meadows in the Province of Szczecin
were drained (occasionally by pumping stations) and reclaimed (frequently
using all cultivation practices), which intensified the development of animal
farms and dry goods production. That period has been documented in many
publications, for example RycieLskI (1992). During the intensive management
of meadows and pastures owned by state farms, doses of mineral fertilisa-
tion were as follows: N — above 180, K,0O — 80-140, P,0O5 — 40-80 kg-ha'l,
plus sporadic applications of magnesium .

As a result of the economic transformations of the 1990s, most of these
meadows and pastures ceased to be utilized and fertilized, which led to the
abundant appearance of common reed rushes, scrub and then woodland. Only
the EU subsidies for agriculturally used land encouraged grassland owners
to cut them once or utilize as pasture or arable land.

This paper presents the content of potassium and magnesium only in
the surface layer (0-30 cm), being the muck horizon or its upper part, and
its vegetation cover. Muck horizon develops from peat transformation in
natural processes occurring during drainage of organic soils. These process-
es bring about the gradual disappearance of primarily fibrous or spongy peat
structure in the direction of tiny aggregates contributing to humus forma-
tion and immobilization of essential plant nutrients.

According to Oxruszko and SaPek (1991), the muck formation process
results in the increase in the total content of chemical elements such as
potassium, phosphorus and iron. Therefore, the level of muck formation
affects the development of grass communities and soil agricultural value.
Transformations in the soils developed from lowmoor peat, taking into con-
sideration biological and chemical changes, coupled with the changes in the
soil composition, with the emphasis on the role of mud formation process
have been discussed in detail by Oxruszko (1993) and Okruszko and ILNICKI
(2003).

After meadow soils had ceased to be utilized, their topsoil (0-30 cm) was
found to have a high organic matter content (20- 85%) and varying reaction
(pHg 4.1-6.5). The only exception was the alkaline soil (pHgq; 7.3-7.8) in
the carbonate-muck horizon.

RESULTS AND DISCUSSION

In the surface layer (0-30 c¢cm), mostly muck or mud-muck, the mean
values for the content of potassium soluble in 0.5 mol-dm™= HCI varied from
extremely low to low according to the IUNG standards (1990) and SAPEK and
SAPEK (1997). In was only in the Odra valley that this value exceeded
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0.50 g-kg'l dry matter, which indicates medium availability. The analysis
of variations in the content of this element proves that the resources of
available potassium in the examined soils are unfavourable. The highest
content (0.19-0.51 g-kg'! dry matter on average) was observed in the strong-
ly silted muck layer, which occurs predominantly in the valley of the Lower
Odra, especially in Miedzyodrze and at Marwice, where the highest content
of potassium soluble in the mixture of concentrated HNO3+HCIO,
(Table 1) was also found, ranging on average from 0.60 to 4.71 g-kgl dry
matter. The smallest amounts were obtained from the degraded, strongly
dried out soils in the vicinity of the power plant Dolna Odra (mean 0.60 g-kg!
dry matter). The content of this form of potassium drastically fell below the
0-30 cm layer with weakened siltation in lowmoor peat (NiEpzwiEckr 2000).
Such regularity did not occur in the silted peat deposit in Miedzyodrze. In
the mud or gyttia-muck layers (organic-carbonate soil on lacustrine chalk;
MELLER 2006) the content of potassium soluble in the mixture of HNOs+
+ HCIO, was within the range 0.33-0.55 g-kg! dry matter (mean 0.46 g-kg1)
and was decreasing with depth to 0.11-0.25 g-kg! dry matter (mean 0.16 g
g-kgl dry matter). Before World War II attention had been paid during the
Odra regulation works to the need of fertilizing meadow soils with potassi-
um, as it can be seen from WAGNER’s papers (1921), suggesting that hay of
good nutritive value should contain 1.7% of potassium, and the data pre-
sented by HoNczaRENKO (1961) concerning pre-war grassland fertilization per
1ha in Szczecin region: pure N to 36.7 kg, P5O5 29-32 kg and K50 38-50 kg.
On the basis of German and his own studies, conducted in the years 1955-
1961 he stated that there is high profitability of potassium fertilization on
peat soils of Szczecin province. Niepzwikckr (2000) and NIEDZWIECKI et. al.
(2006) also noticed low resources of available potassium in organic soils of
Szczecin Pomerania. Similar evaluation of organic soils in other lowland
regions of Poland is given by Piascik and LacHacz (2001) and BranDpyk et.al.
(2001), who described the content of potassium as extremely poor.

Low resources of available potassium in organic soils result from the
discontinuation of K fertilization, which is confirmed by OxruUszko and SAPEK
(1991) and Sicua et. al. (2006) in their studies on marshlands with a high
organic matter content. These authors emphasize that peat soils with a low
content of mineral clay have low potassium holding capacity due to weak
bonds in the sorption complex and easy potassium ion dislodgement by oth-
er cations, mainly calcium and magnesium.

At the same time, there was hardly any interest in magnesium content
in these soils as the cited literature shows, probably due to the belief that
NPK fertilization covers all the needs of grassland vegetation.

The values of magnesium, soluble in HCl at the concentration
0.5 mol-dm (available forms), are favourable since, as a rule, they exceed
0.40 g-kgl, which means that according to TUNG (1990) there is either
high or very high content of this element in the examined soils. The mead-
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ow soils in the valley of the Dziwna (Jarzebowo), the Odra, and Miedzyo-
drze, appeared to be the richest in the forms of available magnesium (over
0.80 g-kgl). The content of magnesium soluble in the mixture of concen-
trated acids was several times higher (Table 1). The amounts of both forms
of magnesium were growing with the growing thickness of peat deposit. In
the gyttia-muck soils near Miedwie Lake, in the muck layer, the total
amount of this element ranged from 2.30 to 6.96 g-kg! dry matter (mean
4.26 g-kg! dry matter) and in calcareous gyttia (at the depth 30-50 cm)
increased to 7.05 g-kgl dry matter on average. Nutrient uptake by sward
depends on many factors such as the kind and level of fertilization (FALKoOwsK1
et.al. 2000, GraBowskI et.al. 2006), floristic composition of meadow and pas-
ture communities. However, in agricultural practice the mineral composi-
tion of grassland fodder from sward is given without taking into account its
floristic composition. In the opinion of OswiT and SAPEK (1982) the content of
potassium and magnesium in the grasses of Polish meadows is as follows: K
— 14.1, Mg — 1.6 g-kg! dry matter. Good quality fodder according to the
recommendations of CzuBa and MurzyNski (1989) Farkowskr et. al. (2000)
should contain 17-20 g K and 3.0g Mg-kg! dry matter. Minimum content of
potassium, essential to animals, should amount to 10 g-kg! dry matter,
and magnesium — 2.0 g-kg! dry matter. In Nowak’s opinion (1983) maxi-
mum potassium content should not exceed 20.0-25.0 g-kg 1.

Mean values of potassium content reveal the deficiency of this element
since only the sward from the Gryfinski Polder, in Miedzyodrze, contained
the optimum amount, which was reported by NiepZwiecki et. al. (2008),
whereas the minimum amounts (minimum indispensable for fodder) were
recorded in 5 study objects and in the remaining ones they were assessed
as low. A relatively favourable potassium content (15.0-17.5 g-kg1) was found
in the analysed vegetation cover from gyttia-muck soils.

Compared to these results, the magnesium content in meadows and pas-
tures under study is much better, with the dominant values above 2.0 g-kg'!
dry matter (Table 1) and only two objects scoring below that value. It should
be noted that the magnesium deficiency in sward is accompanied by the
greatest potassium accumulation. Content of magnesium in pasture grass
from gyttia-muck soils ranged from 1.5 to 3.1 g kg dry matter.

Our results concerning the content of potassium and magnesium are to
a great extent consistent with Nowak’s studies (1983), in which he deter-
mined hay mineral resources during grassland intensive fertilization. His
data show that in the vicinity of Szczecin only a few hay samples contained
excessive amounts of potassium whereas hay from Szczecin Province had
a more advantageous content of magnesium in comparison with low magne-
sium resources in the whole country

The calculated K:Mg ionic ratios confirm unfavourable value of fodder
from the examined grassland objects. The optimum K:Mg ratio in fodder
equals 6:1 and should not be lower than 2-6:1.
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CONCLUSIONS

1. Fallow or extensively used organic soils of Szczecin Pomerania were
generally found to have a low content of available potassium and medium to
high magnesium content in their 0-30 cm layer.

2. Grassland sward from the investigated objects was deficient in potas-
sium but had a more favourable amount of magnesium. Calculated ionic
proportions of K:Mg confirm its unfavourable fodder value.
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Abstract

Eastern teaberry (Gaultheria procumbens L.) is known for its high content of essen-
tial oils in leaves and fruits, which are used in the pharmaceutical, food and cosmetics
industries. Recently, teaberries have been attracting more interest owing to their content
of polyphenolic compounds. The purpose of our study has been to determine the content
of polyphenolic compounds (anthocyanins and total phenols) as well as their antioxidative
activity and the concentration of several bioelements (Ca, Mg, Fe and Zn) in extracts from
fruits of Eastern teaberry harvested in three different fruit maturity stages. The content
of polyphenolic compounds depended on the harvest date. The highest level of these com-
pounds was found in extracts from teaberries collected in the full maturity phase. All te-
aberry extracts, independently of the harvest date, demonstrated high antioxidative activi-
ty. Among the bioelements determined, teaberry extracts contained more calcium than
magnesium and more iron than zinc. The content of such bioelements as Mg, Fe and Zn
(in contrast to Ca) found in teaberry extracts did not depend on the harvest date.

Key words: anthocyanins, antioxidative activity, bioelements, fruits, Gaultheria procumbens,
phenols.
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ZWIAZKI POLIFENOLOWE I BIOPIERWIASTKI W OWOCACH
GOLTERII ROZESLANEJ (GAULTHERIA PROCUMBENS L.)
ZBIERANEJ W ROZNYCH TERMINACH DOJRZALOSCI

Abstrakt

Golteria rozeslana jest roSling znang z zawartosci w owocach i liSciach olejkow ete-
rycznych, ktore sa wykorzystywane w przemysSle farmaceutycznym, spozywczym i perfu-
meryjnym. W ostatnich latach owoce golterii rozeslanej wzbudzajg tez zainteresowanie ze
wzgledu na zawarto$¢ zwigzkow polifenolowych. Celem pracy bylo oznaczenie zawartosci
zwigzkow polifenolowych (antocyjanow i fenoli ogotem) i ich wtasciwosci antyoksydacyjnych
oraz zawarto$ci biopierwiastkow (Ca, Mg, Fe, Zn) w ekstraktach z owocéw golterii rozesta-
nej zbieranej w trzech terminach dojrzato$ci. Zawarto$é zwigzkow polifenolowych w eks-
traktach z owocow golterii rozestanej zalezata od terminu zbioru owocéw. Najwiecej zwiaz-
kow polifenolowych zawieraty ekstrakty z owocow zbieranych w okresie pelnej dojrzalosci.
Niezaleznie od terminu zbioru, ekstrakty z owocéw golterii rozestanej wykazywaty bardzo
duzg zdolno$¢ antyoksydacyjna. Sposréd badanych biopierwiastkow, ekstrakty z owocow gol-
terii rozeslanej zawieraly wiecej wapnia niz magnezu oraz wiecej zelaza niz cynku. Zawar-
tos¢ takich biopierwiastkow, jak Mg, Fe, Zn (wyjatek Ca), w ekstraktach z owocow golterii
rozestanej nie zalezala od terminu zbioru owocow.

Stowa kluczowe: antocyjany, aktywno$¢ antyoksydacyjna, biopierwiastki, fenole, golteria
rozestana, owoce.

INTRODUCTION

Ornamental cover plants, increasingly more common in gardens, parks
and greens, have been drawing more and more attention in the recent years
(ALEKSANDROVA 1981, MaRosz et al. 2000, WazBINsSkA 2000, ZaraS et al. 2000).
Eastern teaberry, also known as checkerberry, boxberry or American win-
tergreen (Gaultheira procumbens L.), is one of such plants. It is low, ever-
green shrub with creeping shoots. In July and August it is in bloom, produc-
ing white or pink bell-shaped flowers (Frazik 1991). Round, glistening pink,
bag-shaped fruits, 8-15 mm in diameter, remain on the plant until spring
the following year (CzekaLski 2006). Fruits and leaves of Eastern Teaberry
contain essential oils, which have a medicinal use in treatment of skin and
throat inflammation. In the United States, these oils are used in the food
(to make chewing gums and sweets), cosmetics and pharmaceutical indus-
tries. This plant is very popular in Central and South Americas, where it is
known as teaberry and used to make aromatic infusion (Crarc 1999, HUFF-
MAN et al. 1994, RiBNicky et al. 2003, SENETA, DoraTowskl 1997). Fruits of
Eastern teaberry, owing to their content of polyphenols (catechins, querce-
tins), have antixodative properties (Acuna et al. 2002, Ma et al. 2001).

The principal aim of the research has been to determine the content of
polyphenolic compounds (anthocyanins and total phenols), their antioxida-
tive activity and the concentration of bioelements (Ca, Mg, Fe and Zn) in
extracts from Eastern teaberry fruits harvested on three different dates. In
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addition, correlation between the total phenolic content and the level
of anthocyanins as well as the correlation between the content of polyphe-
nols and antioxidative activity in extracts from Eastern teaberry fruits were
established.

MATERIAL AND METHODS

The material consisted of fruits of Eastern teaberry (Gaultheria procum-
bens L.) collected in three different time periods (15t — 15th October 2006,
2nd_30th October 2006 and 3'd-15th March 2007). Samples of Eastern teaber-
ry fruits weighing 5 g each were prepared and stored frozen until analysis.

After defrosting, the fruits were subjected to liquid-solid extraction, for
which citric acid of pH 2 was used as a solvent. The extracts were pre-
purified by filtering through Whatman No 1 filter paper. The content of
total phenols in raw extracts was determined according to FOLIN-CIOCALTEAU
procedure, and expressed in terms of gallic acid (SINGLETON et al. 1999). The
content of anthocyanins in the extracts (re-calculated as cyanidin 3-gluco-
side) was determined according to the methods designed by NIKETIC-ALEKSIC,
HrazpiNa (1972) (method H) and WRoLsTAD (1976) (method W). Antioxidative
activity was established with an aid of the method suggested by YEn, HunG
(2000), which consisted of the determination of scavenging synthetic DPPH e
(1,1-diphenyl-2-picrylhydrazyl) radicals in extracts from Eastern Teaberry
fruits. The results were cited as inhibition percentages.

Extracts from Eastern teaberry fruits were mineralized in the so-called
Teflon bomb using microwave energy. For this purpose, 1 cm? of each ex-
tract and 2 cm3 of concentrated nitric acid (HNOj) were used. After the
mineralization, the extracts were transferred quantitatively to measuring
flasks, which were filled to the full capacity with deionized water. The con-
tent of bioelements was determined using atomic absorption spectrometry
(AAS) with a Unicam 939 device.

All the reagents for the above determinations were of analytical purity.
The results of the chemical analyses, with three replications, underwent
statistical processing for one-factor experiments, using Duncan’s test at
a =0.05.

RESULTS AND DISCUSSION

Our comparison of the content of total phenolic compounds in extracts
from Eastern teaberry fruits harvested in three different times periods re-
vealed statistically significant differences (Table 1). The content of total phe-
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Table 1
Content of polyphenols (mg 100 g! fresh matter) and antioxidative activity (%)
in Gaultheria procumbens extract fruits

Anth . Phenols other than Antioxidative
Total nthocyanins anthocyanins activity
Har-| phenols
vest method H method W method H method W inhibition
date
mean | mean | o | mean | op | mean SD mean Sp | mean | op

X X X X X X

I | 360.9% | 1825%| 1.00| 10.63%| 0.79 | 342.69 | 72.09 | 350.31 4| 71.69 | 87.55 ¢| 2.01

II | 4952¢ | 21472 0.76 | 13.11%| 1.35 | 473.73 *| 45.97 | 482.09% | 45.08 | 89.28 *| 0.40

IIT | 180.0¢ | 17.36¢| 0.20 | 7.83¢ | 0.88 | 162.64¢| 892 | 172.17¢| 6.38| 85.88%| 1.36

SD — standard deviation;
Means followed by the same letters in columns did not differ significantly at p < 0.05 according
to Duncan test.

nols in Eastern teaberry fruit extracts was the highest on the 2°¢ harvest
date and the lowest — on the 3@ one. Similar dependence could be observed
regarding the concentration of anthocyanins in Eastern teaberry fruit ex-
tracts. Irrespective of the determination method applied, the content of an-
thocyanins was the highest in extracts from Eastern teaberry fruits harvest-
ed on the 24 and the lowest — on the last, 34 harvest date. The content of
phenols other that anthocyanins in the extracts was correlated with the
total phenolic concentration and the content of anthocyanins. Likewise, it
was the highest for extracts from fruits collected on the 24 harvest date
and the lowest — for the 3" one.

Fruits of Eastern teaberry collected on the 284 harvest day had reached
full maturity, which is why extracts obtained from these fruits contained
the highest levels of total phenols and anthocyanins. Similar results were
reached while examining fruits of black mulberry (PLiszka et al. 2007).

A close relationship has been found in the current study between the
content of total phenols and anthocyanins in fruit extracts. Positive correla-
tion was determined between the total phenolic content and anthocyanins
in extracts from Eastern teaberry determined with the different methods.
High correlation was obtained for the extracts obtained by method W
(R% = 0.871), whereas the correlation for the extracts produced by method H
was nearly two-fold smaller (R? = 0.474).

The content of polyphenolic compounds depends on many factors, such
as: species of fruit, environmental conditions, agronomic treatments and fruit
maturity (Asam1 et al. 2003, Karr et al. 2001, WazBiNska et al. 2006). Collect-
ing Eastern teaberries on different dates, the ripeness phase was taken into
consideration. On the 24 harvest date the maturity of the fruits was opti-
mum, therefore the extracts contained the highest levels of polyphenols (to-
tal polyphenols and anthocyanins).
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Similar dependences were confirmed for black mulberries (Morus nigra)
harvested in full maturity, in which the content of polyphenols was also the
highest (Priszka et al. 2007). The concentration of polyphenols in fruits de-
pends on a plant species. However, it needs to be mentioned that extracts
from Eastern teaberries contain more total phenols and less anthocyanins
than extracts from black mulberries, which have more anthocyanins than
total phenols (PLiszkA et al. 2007).

Our analysis of polyphenolic compounds has demonstrated that extracts
from Eastern teaberries were characterised by high antioxidative activity
(from 85.58 to 89.28%), which did not depend on the fruit maturity (Table
1). Likewise, antioxidative properties of polyphenolic compounds in black
mulberries were not dependent on a harvest date (Priszka et al. 2007).
Polyphenolic compounds in extracts from black elberberries, tested in an-
other study, possessed very high antioxidative properties (82 to 89%), in
which they were similar to Eastern teaberries (PLiszka et al. 2005).

Another question examined in the present study has been the relation-
ship between the content of anthocyanins and total phenols versus their
antioxidative activity in extracts from Eastern teaberries. Very strong corre-
lation was found between the content of anthocyanins and their total anti-
oxidative activity in extracts from Eastern teaberries obtained with H meth-
od (R2=0.761). In contrast, the correlation between the total phenols and
antioxidative activity was very low for extracts obtained from Eastern teab-
erry fruits with method W (R2=0.436). Kaur, Karor (2002) as well as
KAHKONEN et al. (2001) have shown that the effect produced by polyphenolic
compounds in fruit extracts on their antioxidative activity is varied (R? from
0.3 to 0.9). In turn, Hassmmoto et al. (2005) claim that there is no correlation
whatsoever between the content of total phenols or the content of vitamin
C and antioxidative activity of extracts, thus suggesting that antioxidative
properties are a product of a combination of various compounds which pro-
duce synergistic or antagonistic effects.

The antioxidative activity of polyphenols is shaped by several factors,
including the species and composition of fruits, the chemical structure of
phenolic compounds or the extraction method used (Priszka et al. 2003, 2005,
Rice-Evans et al. 1996, ZHENG, WANG 2003).

The extracts we obtained from the Eastern teaberry were subjected to
chemical analyses to determine the content of some macroelements (Ca,
Mg) and microelements (Zn, Fe), which are essential for human health
(WIELEBA, PASTERNAK 2001).

The determinations of Mg, Fe and Zn did not reveal any statistically
significant differences between their contents in the extracts of Eastern tea-
berry harvested on the consecutive dates (Table 2). As for calcium, signifi-
cant differences were found between the levels of this macroelement in the
extracts from Teaberries and the harvest date. The highest content of calci-
um was determined in the extracts from Teaberries collected on the 2nd
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Table 2

Content of bioelements in extracts from Eastern teaberries (Gaultheria procumbens)
(mg 100 g1 fresh matter)

Ca Mg Fe Zn
Harvest
date mean SD mean SD mean SD mean SD
x x x x
1 15.61b 1.87 14.39 a 0.24 3.29 a 0.51 1.69 a 0.12

II 1942 a 1.34 14.95 a 0.04 271 a 0.00 157 a 0.72
III 13.51b 0.77 1333 a 1.82 3.53 a 1.56 148 a 0.06

Explanations, see Table 1

harvest day. On the other two harvest dates, the concentrations of calcium
were similar and lower than on the 21 date.

Irrespective of the harvest date, the teaberry extracts contained more
calcium than magnesium and more iron than zinc.

CONCLUSIONS

1. The content of polyphenolic compounds (total phenols, anthocyanins)
in extracts from the Eastern teaberry fruits depended on the fruit harvest
date. The highest content of polyphenols occurred in extracts from teaber-
ries harvested in the full maturity phase.

2. Irrespective of the harvest date, extracts produced from Eastern teab-
erry fruits were characterised by very high antioxidative activity.

3. Teaberry extracts contained more calcium than magnesium and more
iron than zinc.

4. The content of such bioelements as Mg, Fe or Zn (unlike Ca) in teab-
erry extracts did not depend on the harvest date.
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Abstract

The study was carried out to asses the influence of soil mineral fertilization, manure
application and soil liming on changes in the concentration of microelements (B, Cu, Fe,
Mn and Zn) in soil solution. The tests were performed on samples of sandy soil collected
from long-term fertilization experiments being conducted on lessive soil of the granulome-
tric structure of clayish sand. Soil solution was prepared with the suction method. The
concentration of microelements in soil solution was determined by means of the ICP me-
thod. The results showed an increase in Fe, Mn, Zn and Cu and a decrease in B and Mo
in soil solution when soil was fertilized with nitrogen. The concentration of microelements
in soil solution was not significantly influenced when soil was fertilized with phosphorous
and potassium. Liming had a significant effect on a decrease in the concentration of Fe,
Mn, Zn and Cu and an increase in B and Mo in soil solution. Soil application of manure
significantly increased the concentration of microelements in soil solution.

Key words: microelements, soil solution, mineral fertilization, manure, liming.

WPLYW NAWOZENIA NA STEZENIE MIKROELEMENTOW W ROZTWORZE
GLEBOWYM GLEBY LEKKIEJ

Abstrakt

Celem pracy byta ocena wplywu nawozenia mineralnego oraz stosowania obornika
iwapnowania na zmiany stezenia mikroelementéow (B, Cu, Fe, Mn i Zn) w roztworze gle-
bowym gleby lekkiej. Probki glebowe pobrano z trwaltego do$wiadczenia nawozowego pro-
wadzonego na glebie plowej o skladzie granulometrycznym piasku gliniastego lekkiego. Roz-

dr hab. Beata Rutkowska, Chair of Soil Environment Sciences, Warsaw University of Life
Sciences, Nowoursynowska 159 Str., 02-776 Warsaw, Poland
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twor glebowy pozyskiwano metoda podci$nieniowa. W roztworze glebowym mikroelementy
oznaczono metodg ICP. Stwierdzono, ze w warunkach nawozenia azotem obserwuje sie
zwigkszenie stezenia zelaza, manganu, cynku i miedzi oraz zmniejszenie stezenia boru i mo-
libdenu w roztworze glebowym. Nawozenie fosforem i potasem nie wplywa istotnie na ste-
zenie mikroelementow w roztworze glebowym.

Wapnowanie przyczynia sie do zmniejszenia stezenia zelaza, manganu, miedzi i cynku
oraz zwigkszenia stezenia boru i molibdenu w roztworze glebowym, a pod wptywem stoso-
wania obornika obserwuje si¢ istotne zwigkszenie stezenia mikroelementéw w roztworze
glebowym.

Stowa kluczowe: roztwor glebowy, nawozenie mineralne, obornik, wapnowanie, mikro-
elementy.

INTRODUCTION

Soil solution is the environment where most important chemical reac-
tions take place. Being a soil liquid phase, it controls transfer of dissolved
components throughout the whole soil profile. Soil solution is involved in
the transport of pollutants in soil and plays a significant role in the trans-
port of elements in ecosystems. However, the most important function of
soil solution is its involvement in plant feeding, as it constitutes the main
source of water and food elements for plants (CamPBELL et al. 1989, WoLt
1994, LaBrTowicz 1995, PoreBska 2003). For many years now, the concentra-
tion of elements in soil solution has been treated as the indicator of soil
fertility (HoacLAND et al. 1920). Analyses of the chemical content of soil solu-
tion provide important data on the influence of agricultural practices, such
as mineral fertilization (CUrTIN, SMILLIE 1983, LaBETOWICZ 1995, SIMARD et al.
1988, SMaL 1999) on the condition of soil environment.

The aim of this study has been to assess the influence of mineral fertili-
zation, application of manure and soil liming on changes in the concentra-
tion of microelements (B, Cu, Fe, Mn and Zn) in soil solution of sandy soil.

MATERIAL AND METHODS

Assessments were carried out on soil samples collected from long-term
fertilization experimental plots established in 1960 on lessive soil possessing
granulometric features of clayish sand (classified by FAO as Albic Luvisols).
The experiments encompass 16 objects being randomly fertilized by main
components N, P, K, Ca with or without application of manure. Thus, the
whole experiment included 32 fertilized objects with 4 replications. Pota-
toes, spring barley, rape (or mustard plant) and rye are cultivated in four-
field crop rotation. Mineral fertilization was carried out at the following av-
erage rate (kg) per hectare: 140 N (ammonium nitrate), 50 P (triple
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superphosphate), 140 K (high percentage potassium salt). Liming (calcium
carbonate) was applied every 4 years at a rate 1.14 Mg Ca per ha. Manure
was applied at a rate 30 and 20 Mg per ha at each rotation of potatoes and
rape (or mustard plant), respectively. Fertilization with microelements was
not applied. Soil samples were collected from soil plough layer, then dried
at 55°C. Soil solution was obtained with the suction method. The microele-
ments: B, Cu, Fe, Mn, Mo and Zn were assessed with the ICP method.
Evaluation of the influence of fertilization elements (N, P, K) applied when
liming or manure were used was carried based on analyses of the main
effects on the concentration of observed elements in soil solution as well as
their interactions (expressed in %). The average value calculated from all
combinations where a given fertilizer was not applied was treated as the
zero level (0%).

RESULTS AND DISCUSSION

The results of the examination of the effects produced by the tested
fertilizer compounds’ on the concentration of microelements in soil solution
showed a significant increase in the concentration of Fe, Mn, Cu and Zn in
soil solution when soil was fertilized with nitrogen (Figure 1). The results
on the effects of nitrogen fertilization on microelement uptake reported by
other authors indicate that application of nitrogen fertilizers, and mainly
ammonium nitrate, results in a decrease of soil reaction, which is associat-
ed with an increase of the concentration of microelements uptaken in the
form of cations in soil solution (SANDERs 1982, 1983, CURTIN, SMILLIE 1983,
SiMARD et al. 1988, SmaL 1999, Apawms et al. 2001). An increase of solubility
and mobility of many trace elements has been shown together with a de-
crease of pH by several authors (Geskr 1998, GorracH, GamBUS 2000, BADORA
2002). McBripE and Brasiak (1979) showed that solubility of zinc decreased
30-fold per one unit of an increase of pH in a range of pH 5.0 — pH 7.0.

On the other hand, the concentration of boron and molybdenum in soil
solution decreased with nitrogen fertilization (Figure 1). Under the condi-
tions of lowered pH of sandy soil, the physicochemical adsorption of boron is
reduced on particles of the solid soil layer, which enlarges losses of this
element as a result of leaching down through the soil profile. As GOLDBERG
and GrauBiG (1986) reported, the maximum boron adsorption occurs at
pH = 8.0-10.0, both on crystalline and amorphic oxides of iron and aluminum
as well as on loamy minerals. The possibility of leaching of boron in the
form of borane ions has not been called in question for a long time (SwikcICKI
1964).

Application of phosphorous fertilizers did not significantly influence the
concentration of Fe, Mn, Zn and Cu in soil solution (Figure 1). The results
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Fig. 1. Effect of fertilization on changes of Fe, Mn, Zn, Cu, B and Mo concentration in soil
solution. For the zero level (0%) an average was accepted from all fertilizing combinations
where a given element was not applied
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obtained by SiMARD et al. (1988) indicated the lack of association between the
application of decreasing rates of phosphorous and concentrations of manga-
nese and zinc in soil solution. However, LiNDsay and STEVENSON (1959a,b)
showed that application of Ca(HyPO,), onto acidic soils resulted in an in-
crease of solubility of manganese, aluminum and iron when they are around
superphosphate granules.

The effect of phosphorous fertilization on the concentration of molybde-
num was not indicated in this study (Figure 1), however many authors have
reported competition between molybdates and phosphates for location on
soil particles in the solid phase (Xie, MckenziE 1991). This competition is
caused by similar chemical properties of phosphorous and molybdenum in
soil solution. Thus, there exists a theoretical possibility of the use of phos-
phorous fertilization in order to avoid molybdenum deficiency (SingH, KuMAR
1979).

Soil liming significantly decreased the concentration of iron, manganese,
zinc and copper as well as it caused an increase of boron and molybdenum
in soil solution (Figure 1). The effect of liming on the concentration of mi-
croelements in soil solution was initially indicated by a change of soil reac-
tion. Simard et al. (1988) showed that application of CaCOgs resulted in
a decrease of the concentration of manganese and zinc in soil solution. These
authors suggest that the reason of such changes is binding of these ele-
ments by oxides and oxyhydroxides of aluminum and iron as well as sedi-
mentation into less soluble forms. The results of SANDERs (1983) showed mi-
nor and irregular decreases in soil solution of the concentration of copper
with an increase of pH due to the fact that copper almost always occurs in
soil solution in a chelate form and a rate of formation of these complexes
only to a small extent depends on soil solution. An increase of boron con-
centration in soil solution under soil liming could be caused by an increase
of adsorption of this element on soil particles of the solid layer, which reach-
es the peak for boron at pH 8-10 (GoLDBERG, GLAUBIG 1985, 1986). Liming and
a resulting increase of soil reaction causes enhancement of molybdenum
mobility in soil (RiLEY et al. 1987). At higher soil pH values there is a reduc-
tion of the amount of positive charges on soil colloids and an escalation of
competition of molybdates and hydroxyl ions for adsorption areas on the
particles of solid phase of soil. At the same time, the activity of iron and
aluminum oxides able to adsorb molybdenum is decreased, which results in
an increase of the concentration of this element in soil solution (REISENAUER
et al. 1962, JARELL, DawsoN 1978). The decrease of the concentration of cati-
ons (iron, manganese, zinc and copper) observed in soil solution of the sam-
ples collected from the fertilization objects treated with lime was associated
with an increase of the amount of free negative charges that were bound by
cations from soil solution. On the other hand, an increase of the concentra-
tion of anions in soil solution that was observed as the effect of liming was
associated with sedimentation of insoluble iron and aluminum molybdates
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as well as a decrease of the amount of positive charges on soil particles
of the solid layer followed by an increased desorption of anions (boron, mo-
lybdenum, into soil solution (S1MARD et al. 1988).

Application of manure always resulted in an increase of the concentra-
tion of the investigated elements in soil solution (Figure 1). This was caused
by introducing the elements with the mass of organic fertilizer followed by
mineralization of the manure organic substance (CURTIN, SMILLIE 1983). An
increase of the content of zinc, copper and iron in soil solution after ma-
nure application was also observed by DEL CastiLHO et al. (1993). These au-
thors suggest that this phenomenon is due to chemical properties of soil (an
increase of electric conductivity of the surface layer of soil, an increase
of soil reaction, an increase of the content of easily soluble organic matter).

CONCLUSIONS

In the experiments discussed in this paper, mineral and natural fertili-
zation was the factor that significantly determined the concentration of mi-
croelements in soil:

1. Among mineral fertilizers only nitrogen fertilization caused a decrease
of soil pH and resulted in an increase of the concentration of iron, manga-
nese, zinc and copper in soil solution while the concentration of boron and
molybdenum was decreased. Fertilization with phosphorous and potassium
did not significantly influence the concentration of microelements in soil
solution.

2. Through neutralization of soil reaction, liming caused a decrease of
the concentration of iron, manganese, zinc and copper in soil solution while
the concentration of boron and molybdenum was increased.

3. A significant increase of the concentration of all investigated elements
was observed in soil solution when manure was applied onto soil.
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Abstract

In a two-year field study, the changes in Cu, Zn, Mn and B concentrations in aerial
parts of lupine and pea were observed under traditional and no-tillage system. In each
year, plant material samples were collected four times at 10-day intervals, from 30 days
after sowing to the flowering stage. In plants of one species but grown under different
tillage systems, differences in the content of micronutrients occurred in the early growth
season, and tended to disappear in the early inflorescence phase. In general, these con-
centrations were higher in plants under traditional tillage system. However, under dro-
ught conditions these concentrations were higher in plants under no-tillage system. Re-
gardless of a tillage system, some changes in micronutrient concentration during the
vegetation period were observed. Concentration of copper in aerial parts of plants eviden-
tly decreased as the plants grew older. Fluctuations in the levels of Zn, Mn, and B did not
follow such clearly defined tendencies and were dependent on the plant’s species and indi-
vidual elements.
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ZAWARTOSC MIKROELEMENTOW W GROCHU I LUBINIE W ZALEZNOSCI
OD SYSTEMU UPRAWY ROLI

Abstrakt

W 2-letnich badaniach polowych obserwowano zmiany koncentracji Cu, Mn, Zn i B
w nadziemnej czesci tubinu i grochu uprawianych w tradycyjnym i zerowym systemie upra-
wy roli. W kazdym roku pobierano probki ros§linne w 4 terminach, co 10 dni, w okresie od
30. dnia po siewie do fazy kwitnienia. W roslinach jednego gatunku, lecz rosngcych w wa-
runkach réznych systeméw uprawy, wystapily réznice w poziomie zawartosci mikroelemen-
tow w poczatkowym okresie wegetacji. Roznice te zanikaly w fazie poczatku kwitnienia.
Zawarto$¢ mikroelementow na ogét byta wyzsza w roslinach z uprawy tradycyjnej, nato-
miast w warunkach suszy — w ro§linach z uprawy zerowej. W miare uptywu okresu wege-
tacji obserwowano pewne zmiany koncentracji mikroelemntow niezaleznie od systemu
uprawy roli. Zawarto$¢ Cu w czeSciach nadziemnych roslin wyraznie malala w miare zbli-
zania sie do fazy kwitnienia. Zmiany zawarto$ci Zn, Mn i B nie byly tak jednoznacznie
ukierunkowane i zalezaly od pierwiastka i gatunku rosliny.

Stowa kluczowe: uprawa zerowa, groch, tubin, zawarto$¢ mikroelementéw w roslinach.

INTRODUCTION

Reduced soil tillage techniques have certain advantages over conven-
tional tillage in that they prevent soil erosion, limit water loss and reduce
crop cultivation costs. An extreme example of minimal tillage is zero-tillage,
which involves direct sowing. In general, this technique generates lower
crop yields than when soil is ploughed. This may be due to the altered
physicochemical properties of unploughed soil, which in turn affect the up-
take of nutrients by crops.

The aim of this study has been to compare the content of some micro-
nutrients in vegetative organs of pea and lupine sown directly to unploughed
soil and grown under conventional tillage as well as to trace modifications
in the concentration of these elements during the crops’ growth.

MATERIAL AND METHODS

The material for our study consisted of a collection of pea and lupine
samples gathered in 2005-2006 from fields under no-till and conventional
tillage systems. The NPK fertilization, adjusted to the requirements of both
crops, was identical, regardless the tillage method applied. In each year,
aerial parts of the plants were collected on four dates, at ten-day intervals,
beginning on day 30 after the sowing and finishing during the early inflores-
cence stage. The plants were sown on 11th April 2005 and 24th April 2006.
Six systematically distributed points (replications) were fixed on each 4 m?2
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plot. On each of the sampling dates, whole aerial parts of plants were cut
off from an area of 1 m2. The samples were dry mineralized in a muffle
furnace, diluted in hydrochloric acid and used for the following determina-
tions: B content by the ICP method and Cu, Mn and Zn concentrations by
the AAS method. For B and Mn determinations, certified material no
NCSZC 76008 was used, whereas Cu and Zn determinations were referred
to own material, i.e. plant samples IPE (Cu — IPE 06.2.4, Zn — IPE 06.2.4)
from an interlaboratory research project in the Netherlands. The results
are given as arithmetic means from 6 replications.

The soil samples, taken in early spring, underwent the following deter-
minations: grain size distribution and concentration of available macro- and
micronutrients extracted in 1 mol-dm HCI. The properties of the soil ara-
ble horizon differred between the plots (Table 1). In general, the soil was
sandy soils, containing little organic carbon, either acidic or very acidic in
reaction.

Table 1

Characteristic of top layer of soil from tested fields

‘ C org. pH Content (mg-kg1)

Field (¢ ke 1) 1 mol

1.0-0.1 | 0.1-0.02| <0.02 | ©¥8) | gkCl.dem3 | P | K [Mg| Cu|Mn|Zn | B
5005 55 28 16 | 50 43 46 | 123] 31 | 32| 158| 7.1| 0.8
upin
Zf?ff 57 26 17 6.5 44 49 | 159| 33 | 3.3 | 186 7.2| 0.9
2006 | g4 40 | 24 6.0 5.0 58 | 152| 43 | 3.0| 166] 8.1 | 0.6
Lupin
2193316 44 36 19 | 67 5.3 74 | 156] 32 | 3.0 | 181| 9.6 | 0.8

The weather during the period of plant sampling also varied from year
to year. The humidity conditions over the given time period were character-
ized using Seljoninov’s hydrothermal index (after STRNAD 1979), quoting its
values in every ten-day period preceding each plant material collection (Fig-
ure 1). This index includes an average air temperature and total rainfall in
a specific time period. When it falls below 1, it indicates drought (<0.3 —
catastrophic drought), and when it goes above 2, it suggests excess water in
soil. The supply of plants with water in 2006 was much worse than in 2005.
In 2006, drought was observed in all the time intervals preceding the con-
secutive plant material samplings except the third date. The drought was
particularly severe in the last ten days.
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Fig. 1. Hydrothermics index values for 10-days periods

RESULTS AND DISCUSSION

The concentration of micronutrients in plants, during their vegetative
growth to the inflorescence phase, was different between the two years of
the study. The largest differences occurred in the amounts of copper. The
content of Cu in lupine (Figure 2) and pea (Figure 3) was much higher in
2006 than in 2005, although the concentration of this element in soil was
nearly identical in both years (Table 1). In 2005, the concentration of copper
in plants ranged from 6.8 to 7.5 mg-kg! for lupine and from 6.4 to
8.0 mg-kg! for pea, whereas in the next year, 2006, it was 8.4-12.0 mg-kg1
and 7.8-13.7 mg-kg'l, respectively. The content of Cuyy determined on a
single occasion of soil sampling did not provide us with any information on
the availability of this metal to crops over a longer period of time. It is
most likely that the total pool of plant available forms of copper in 2006 was
higher as the soil then contained more <0.1 mm fraction and organic car-
bon, which meant that its sorptive complex was greater than in 2005 (Ta-
ble 1). The differences in the quantities of the other micronutrients between
the years were smaller and less regular than those observed for copper.
A higher level of Zn and Mn in pea was found in 2005, which may have
been caused by a lower soil pH than in 2006; the content of B was higher
in 20086.

Comparison of the concentrations of the micronutrients in both crops
has demonstrated certain differences, too. They were the largest for manga-
nese and smallest for boron. On the last sampling date, that is immediately
before the inflorescence phase, the differences were much smaller or disap-
peared. The variation in the content of Mn was as high as 60% whereas
that of boron ranged from less than 10 to 13%. Manganese is a particularly
important microelement in nutrition of leguminous crops, especially pea,
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Fig. 2. Dynamics of the content of micronutrients (mg . kg'!) in dry matter of aerial parts
of lupine under conventional (T) and zero-tillage (Z) in ten-day intervals from day 30 after
sowing to the onset of the inflorescence stage. There is no significant difference between

the same letters in columns (method of tillage) according to Tukey's test (p<0.05)
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Fig. 3. Dynamics of the content of micronutrients (mg . kg'!) in dry matter of aerial parts
of pea under conventional (T) and zero-tillage (Z) in ten-day intervals from day 30 after
sowing to the onset of the inflorescence stage. There is no significant difference between
the same letters in columns (method of tillage) according to Tukey's test (p<0.05)
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because these plants are highly intolerant to its deficit (Karvyar, RANDHAWA
1983). Consequently, the level of Mn can affect the volume of yields pro-
duced by legumes. In their study, Yu, RENGEL (1999) found out that manga-
nese deficit caused depressed green matter yield of lupine as early as in the
initial growth phases of this crop.

Korzeniowska and STaNIstAwWSKA-GLUBIAK (2006) reported that different till-
age methods caused differences in the nutrition of oats. Many authors re-
port that the content of organic matter in soil as well as the concentration
of N, P, K, Fe, Mn, Cu and Zn in the surface soil horizon are larger under
no-till farming than when soil is ploughed (FranzLUEBBERS, Hoss 1996, Lavapo
et al. 1999, MarTIN-RUEDA et al. 2007), thus it can be expected that the
concentration of nutrients in crops grown under reduced tillage should also
be higher. Contrary to this, in our study sometimes the opposite was true.
In 2005, lupine contained more micronutrients, especially Mn and Zn, when
grown under conventional tillage than no-till systems. However, in the fol-
lowing year, lupine sown directly to unploughed soil contained more Cu, Mn
and B. It seems that one possible reason is the differences in the humidity
conditions observed between both years. ArsHAD et al. (1999) and PaBIN et
al. (2002) emphasize the positive influence that zero-tillage has on water
accumulation in soil, especially in dry years. The drought observed during
the first sampling dates in 2006 was less harsh on crops growing under
minimal tillage than the ones sown to ploughed soil, which facilitated the
uptake of micronutrients from unploughed soil. ZEcH et al. (2000) demon-
strated that the content of nutrients in tilled and non-tilled soil varied be-
tween the dry and wet seasons.

SanTIaco et al. (2008) did not discover significant differences in the con-
tent of Fe, Cu and Zn in sorghum grown under traditional and zero-tillage
systems, even though the soil content of available forms of nutrients was
higher in non-tilled soil. However, unlike our tests, their study was car-
ried out on alkaline soil, in which the availability of nutrients to plants is
limited.

The course of the curves which illustrate the direction of the modifica-
tions in the concentrations of micronutrients in pea and lupine depended on
a plant species, but was similar for both tillage methods. The vegetative
parts of lupine were found out to contain decreasing levels of copper; in
pea, both Cu and Zn tended to decline. In another study, performed under
controlled conditions, PoDLESNA and WoJcIEskA (1996) also observed declining
levels of Cu and Zn in vegetative parts of pea. Changes in the concentration
of other micronutrients were not so regular.
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CONCLUSIONS

1. Changes in the concentration of micronutrients in vegetative parts
of lupine and pea observed over the growth season were similar for both
tillage methods. The concentration of Cu tended to decline, whereas the
changes in the content of Mn, Zn and B were less regular and depended on
the micronutrient and crop species.

2. The differences in the content of micronutrients in plant tissues, ob-
served during this study, were the largest in the early vegetative growth
and tended to disappear as the inflorescence stage was approaching.

3. Under drought conditions, levels of micronutrients were generally high-
er in crops grown under zero-tillage; when water supply was good, more mi-
cronutrients accumulated in crops cultivated traditionally, with soil ploughing.
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Abstract

In a randomized study 50 women, aged 51.7+2.8 years, suffering from primary oste-
oarthrosis (OA), were divided into two, equal groups (I, II). The women were employed in
garment industry in contract work system. They were working in compulsory, mainly stan-
ding position. The women complained of backache of the lumbar region continuing for the
minimum 5 years.

During the study, bone mineral density (BMD) of the lumbar spine was assessed twi-
ce with the densitometry DEXA method (Lunar Corporation equipment). Before treatment,
structural changes in the lumbosacral spine were revealed using a CT Simens Sonata Plus
4. One energy technique (SEQCT) was applied. Concentrations of bone-forming markers
in serum were measured three times: before treatment and 3 and 12 months afterwards.
The concentration of acid phosphatase in serum was assessed by the enzymatic method
according to Hitachi. The concentrations of osteocalcin and procolagen were radoimmuno-
logically assessed by means of DRG Company — sets and concentration basal prolactin
(PRL) before treatment radioimmunoassy kits produced by bioMerieux.

In the first stage of the treatment, the women in the first group received placebo for
three months. Slow Mag B6 was administered for three months to the women in the se-
cond group.
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In the second stage of the treatment, the women in both groups received 21-day the-
rapeutic cycles of modified transdermal hormonal replacement therapy. Additionally, bro-
mocriptine (2.5 mg per day) and Slow Mag B6 (160 mg per day) were administered orally.
The cycles repeated at a 7-day interval. During the interval, withdrawal bleeding occurred.

The results were statistically assessed by means of computerized programme package
Statistica PL, version 5. It was stated that in 60% of women suffering from primary OA
the basal concentration of prolactin in serum in was elevated above 25 ng/ml; in 25% wo-
men it was on the border level, and in 15% of the patients it was below the lower limit of
the normal values. The combined treatment in women suffering from OA caused increase
in bone-forming markers and decrease in pathological resorption processes of mineraliza-
tion of the vertebral bodies. After 12 months of the therapy, resorption in the lumbar spi-
ne was diminished compared to the initial values, before the treatment. These changes
were significant in L3/L4 vertebral bodies (p<0.05).

Key words: Osteoarthrosis. bone mineral density, bone-forming markers, hyperprolactine-
mia, modified hormonal replacement therapy.

WPLYW ZMODYFIKOWANEJ PRZEZSKORNEJ HORMONOTERAPII ZASTEPCZEJ
I MAGNEZU NA STEZENIA MARKEROW TWORZENIA KOSCI U KOBIET
ZE ZMIANAMI ZWYRODNIENIOWYMI KREGOSLUPA

Abstrakt

Badaniem objeto 50 kobiet w wieku 51,7+2.8 lat z pierwotng osteoartroza (OA), po-
dzielonych na 2 grupy wg listy randomizowanej, zatrudnionych w przemysle widkienniczym,
w systemie pracy akordowo-potokowej, w pozycji wymuszonej, ktore od 5 lat uskarzaly sie
na bole w okolicy kregostupa ledzwiowego. GestoS¢ mineralng trzonow kregow ledzwio-
wych oceniono 2-krotnie densytometrem, firmy Lunar Corporation, metoda DEXA, nato-
miast zmiany strukturalne kregostupa L1/S tomografem firmy CT Siemens Sonata Plus 4
technika pojedynczej energii (SEQCT).

Stezenia markeréw tworzenia kosci okreSlono 3-krotnie: przed leczeniem, po 3 i 12
miesigcach leczenia. Stezenie kostnej fosfatazy zasadowej oznaczono enzymatycznie, osteo-
kalcyny i prokolagenu radioimmunologicznie zestawami firmy DRG. Podstawowa prolakty-
ne (PRL) oznaczono przed leczeniem radioimmunologicznie zestawem bioMerieux. Kobiety
z grupy I w pierwszym etapie leczenia przez 3 miesigce otrzymywaly placebo, a w grupie II
doustnie Slow Mag B6 w dawce 160 mg/24 h. Natomiast w drugim etapie kobiety z obu
grup otrzymywaly w 21-dniowym cyklu terapeutycznym zmodyfikowana, przezskérnag hor-
monoterapie zastepcza, bromokryptyne doustnie w dawce 2,5 mg/24 h i Slow Mag B6
w dawce 160 mg/24 h z przerwa 7-dniowg w celu wystapienia krwawienia. Analizy staty-
styczne z uzyskanych wynikow przeprowadzono za pomocg pakietu Statistica PL, wersja 5.
Stezenie prolaktyny podstawowej u 60% kobiet z OA wynosilo powyzej normy 25 ng/ml,
u 25% kobiet gorna granica normy, a u 15% kobiet ponizej dolnej granicy normy.

Zastosowanie skojarzonego leczenia u kobiet z OA wywarto pobudzajacy wptyw nie
tylko na stezenia markerow tworzenia kosci, ale rowniez na wzrost aktywnosci osteokla-
stow pobudzajacych proces resorpcji nadmiernej mineralizacji trzonéw kregowych, ktora
w 12-miesigczne] obserwacji ulegata zmniejszeniu w stosunku do wartosci wyjSciowych ze
znamienno$cig w kregu L3 i 14 (p<0,05).

Stowa kluczowe: osteonrtroza, gesto§¢ mineralna, markery tworzenia kosci, hiperpro-
laktynemia, zmodyfikowana hormonoterapia zastepcza.
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INTRODUCTION

Osteoarthrosis (OA) is connected with diminished metabolism of bones,
bone formation and resorption and increasing mineral density (BMD). Ostero-
arthrosis is a very frequent disease in human population, leading to disabili-
ty (Goaas et al. 2005) and associated with large costs of diagnosis and treat-
ment (ANNUoON et al. 200, SzczepraNskl 2000). Depending on its
ethiopathogenesis, OA is divided into primary and secondary type. Primary
OA is a genetic disease, which initially invades small joints of the upper
limbs, and than major joints of the limbs. Secondary OA is a multifactorial
disease, developing against the inflammatory (DELEO et al. 2001, Punki et al.
2005, YosHIHARA et al. 2000, 2001) hormonal (Stanosz et al. 2000) and trau-
matic (NIELSEN et al. 2008) background. Secondary OA is chronic and pro-
gressive. In the initial stages, arthritis and inflammatory reactions with in-
flammatory exudates are found. These early changes are dominated by
inflammatory reactions connected with metaloproteinases (YosHITHARA et al.
2000) and cytokines (Raap et al. 2000). Despite causing social concern, oste-
oarthrosis is far less known than other chronic diseases, such as hyperten-
sion arterials, diabetes mellitus, osteoporosis or neoplasms. Although there
is a wealth of reports on the etiopathogenesis and diagnosis of OA, no un-
ambiguous recommendations for its treatment have been established.

OBJECTIVE

The aim of the study has been to analyse the influence of transdemal
modified hormonal replacement therapy (HRT) and the application of mag-
nesium and dopaminergic agent (bromocriptine) on the concentrations of
bone alkaline phosphatase, osteoclacine, procolagene in serum and on the
bone mineral density (BMD) of the lumbar spine in women in the early
perimenopausal phase.

MATERIAL AND METHODS

The study compromised 50 women with primary osteoarthrosis aged
51.7 £ 2.8 divided into two, equal, randomized groups (control I and experi-
mental II groups). There were no differences between the groups in the
age, body mass index, parity, place of living, habits and working conditions
or the duration of the postmenopausal period. The main complaints were
the lumbar backache and paresthesis. Bone mineral density (BMD Ly-L,),
determined at baseline (before treatment) and at 12 months, was assessed
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with a DEXA dual energy x-ray absorptiometry (Lunar Corporation DPX-1Q)
scanner, which utilizes hydroxyapatite level in g/cm_ as an expression of the
degree of bone mineralization. The results of BMD Loy-L, were interpreted
according to the WHO criteria. Before the treatment, structural changes in
the lumbosacral spine were revealed using a CT Simens Sonate Plus 4. One
energy technique (SEWCT) was applied. The concentrations of bone-forming
markers: bone alkaline phosphatase, osteocalcine and procolagene in serum,
were assessed. The concentration of bone alkaline phosphatase were assayed
enzymatically (Rosarki et al. 1984). The concentrations of osteocalcine and
procolagene were assessed radioimmunologically by means of a DRC compa-
ny sets. The concentrations of basal levels of prolactin (PRL I) were meas-
ured by means of bioMerioux commercial sets. Statistical calculations were
performed using Statistica PL Package, version 5 (Stanisz 1988). The wom-
en of the control group (I), were receiving placebo for months. The women
of the study group (II) were administered a commercial, pharmaceutical ther-
apeutic agent, i.e. Slow Mag Bg, in the daily dose 160 mg/24 h for 3 months.
Afterwards, both groups underwent modified transdermal hormonal replace-
ment therapy (HRT): micronized 17a-estradiol (molar mass 272,39 g/mol) in
the form of patches (Systen, Janssen-Cilag, Switzerland) with subsequently
increasing and decreasing doses (25, 50, 75 and 75 ug/dose), imitating the
physiological serum concentrations of estrogens throughout the therapeutic
cycle (Stanosz et al. 2007), with concomitant oral intermittent progesterone
administration (molar mass 314.47 g/mol); (Lutein Firm Adamed, Poland) in
the second phase of the therapeutic cycle in doses of 50 mg daily for six
days and subsequently 100 mg daily for the next six days during 12 months.
Moreover, independently of the stage of the therapeutic cycle, both groups
received a commercial, pharmaceutical agent containing magnesium and vi-
tamin Bg, called Slow Mag Bg, which was administered orally in the dose of
160 mg/24h, and a dopaminegic agent, bromocriptine (manufacturered by
Polfa), in the dose 2.5 mg/24 h.

RESULTS

The results of the study are compiled in Tables 1, 2 and Figure 1. Table
1 presents concentrations of bone alkaline phosphate, osteocalcine, procola-
gene in serum before and after 12 months of the combined treatment in
both groups (I, IT). There were no differences in the concentrations of bone-
forming markers between the groups before the treatment. In study group
(group II), receiving magnesium, a statistically significant increase in bone
alkaline phosphatase (p < 0.05) and procolagene (p < 0.05) occurred compared
to women receiving placebo (group I). After 12 months of the combined treat-
ment, in both groups (I, II) the concentrations of bone-forming markers in
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Table 1
Concentrations of bone-forming markers before and after combined treatment
Befi tud After 3 months After 12 months
elore study of treatment of treatment
b bone bone
one - -
Groups | n alkaline| osteo- proco- ail.ka osteo- proco- aililr{:e osteo- proco-
phospha- | calcine | lagene p}lf;: calcine | lagene phos calcine | lagene
t -1 E)) a 1 -1 g -1 -1
(Ua]s_?l) (mg ul?) | (mg ml phatase (mg ul?) | (mg ml? phatase (mg ul?) | (mg ml™)
(U LY U LY
I 25 184 114 115.4 19.7 16.7 1254 214 21.7%* 121.7*
+4.1 +3.1 +12.2 +3.1 +8.4 +9.1 +5.7 +15.1 +15.1
o 25 20.3 13.2 109.6 30.7* 20.3 132.9% 25.2 25.1%% 125.1%
+3.2 +4.3 +15.3 +6.1 +9.7 +8.1 +9.7 +17.3 +17.3
*p<0.05
**p<0.01
Table 2
Bone mineral density of the lumbar spine L1-L4 (mg hydroxyapatite cm?)
. Exams after 12 months
Primary exam Refer-
Groups | n PRIfl of threat ence
(el L L L L L L L, |Vvalues
1 2 3 4 1 2 3 4
I 25 25.6 131 135 136 140 124 130 128*% | 131.2% | 125
+7.6 +21.2 | £19.7| x20.7 | £25.1 | £19.0 | £16.7 | x22.4 | *26.1 | 8.7
o 25 24.9 129.2 | 128.7| 130.5 | 1354 | 123.4 | 121.7 | 122.1%| 127.4% | 120.3
+6.9 +198 | £16.4 | x17.2 | £19.2 | £17.1 | £16.9| 269 | £194 | 7.1
*p<0.05

serum were statistically higher in comparison with the initial values (Ta-
ble 1). Table 2 contains results of the bone mineral density (BMD) of the
lumbar spine L;-L,. There were no differences in the degree of mineraliza-
tion of the lumbar spine between groups. However, after 12 months of the
combined treatment, the degree of mineralization density decreased statisti-
cally significantly in vertebral bodies Ly and L, (p < 0.05). Tomographic im-
ages of the lumbar sacral spine revealed in 15 women (30%) with OA the
narrowing of intervertebral discs in L;/ Ly and Lo/Lg with osteophytoses.

In 25 women (50%), herniae of annulus fibrosus of intervertebral discs
without radiculalgia were found in the intervetebral spaces L,/L; and Lg/S;.
In 10 women (20%), herniae of annulus fibrosus of intervertebral discs with
compression of nerve roots causing radiculopathy were revealed in the in-
tervetebral space L;/S;. Three months of Slow Mag Bg administration in
women of the study group caused significant diminishing of radiculopathy.
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100
ol 100 mg
504 Oug 50pg50mg |
25 ug 25 ug
|| |
4 days I 5 days I 6 days I 6 days

[ ] estradiol [ ] progesterone

Pig. 1 The influence of modified transdermal hormone replacement in therapeutic cycle.
Use of fluctuating doses hormones leads to obtaining physiological concentrations
of estrogens and progesterone in serum

DISCUSSION

Magnesium is an intracellular bioelement essential for health. This mac-
roelement is of great importance in physiological processes (ANNOUN et al.
2007, Szczrsny 2002). Magnesium is an activator of many enzymes participat-
ing in energy processes, influencing concentration of other electrolytes by
enhancing their capacity for assimilation (HUNTER et al. 2003). Children, eld-
erly people, patients with hypertonia arterials, circulation insufficiency and
the digestive system diseases are at risk of magnesium deficiency (ANNOUN
et al. 2007). Administration of magnesium, in the present study, caused the
activation of bone alkaline phosphatase (p 3< 0.05) in serum. In patients
with OA, after this therapy, other metabolic processes occurring in bones
were activated (Imapa et al. 2003, JianG et al. 2008, TanmmoTo et al. 2004).
The decreased metabolism in bones of patients with OA is caused not only
by advanced age (SzczepaNski 2000, Szczesny 2002), but also by enzymatic
(YosHiHara et al. 2000), inflammatory (DELEO et al. 2001, Punzi et al. 200)
cytokines (Raap et al. 2000, YosHIHARA et al. 2004) and traumatic (NIELSEN et
al. 2008) agents. Among hormonal factors involved in the development of
OA, hyperprolactinemia, which is found in 86% of the studied women, seems
very important (Stanosz et al. 2000). Prolactin directly exerts inhibits oste-
oblasts and osteoclastic activity. Indirect influence of prolactin on bone me-
tabolism, due to disturbances in the conversion of androgens into estrogens,
has been demonstrated. The combined treatment discussed in this paper
(magnesium plus dopaminegric agent) stimulated bone metabolism in wom-
en with OA, which was revealed as a significant increase in the concentra-
tion of bone alkaline phosphatase (p < 0.05) and osteocalcine (p < 0.05) in se-
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rum. Moreover, after 12 months of the combined treatment the concentra-
tions of bone-forming markers were significantly higher than before treat-
ment. In women with spondyloarthrosis of the spine, an increase in BMD
L;-Ls in comparison with reference values of the densitometer was found.
It was caused not only by more intense mineralization of the vertebral bod-
ies and ligaments (Stanosz et al. 2000), but also by the mineralization
of intervertebral discs (GARNELO et al. 2005, TanimvoTo et al. 2004, WaNG et al.
2005) and the spinous processes (GoLDBERG 2000). Application of the com-
bined treatment in women with OA demonstrated a favourable effect on the
resorption process of vertebral bodies after 12 months of the treatment,
accompanied by decreasing BMD of vertebral bodies compared to the initial
values but, but significant results occurred only in vertebral bodies Ly and
L, (P <0.05).

CONCLUSIONS

1. The stimulatory effect of the pharmacological therapeutic agent Slow
Mag Bg on bone formation processes occurs through significant increase
of bone alkaline phosphatase and procolagene.

2. Frequent occurrence of hyperprolactonemia in women with osteoar-
throsis suggests need to add a dopaminergic agent (bromocriptine) to the
combined treatment of this chronic disease.

3. Administration of modified transdermal hormonal replacement thera-
py influences bone forming as well as bone resorption processes.

REFERENCES

ANNoUN N., GUerNE P.A. 2007. Diagnosis and treatment of calcium pyrophosphate crystal-
induced arthropathy. Z. Rheumatol., 66(7): 576-8.

DerLeo J.A., YEziErskl R.P. 2001. The role of neuroinflammation and neuroimmune activation
in persistent pain. Pain, 90(1-2): 1-6.

GARNERO P., PETERFY C., ZAIM S., SCHOENHARTING M. 2005. Bone marrow abnormalities on ma-
gnetic resonance imaging are associated with type II collagen degradation in knee
osteoarthritis: a three-month longitudinal study. Arthritis Rheum., 52(9): 822-9.

Goaas R., VaugHAN-THOMAS A., CLEGG P.D., CARTER S.D., INNES J.F., MOBASHERI A., SHAKIBAC M.,
ScuwaB W., Bonpy C.A. 2005. Nutraceutical therapies for degenerative joint diseases:
a critical review. Crit. Rev. Food Sci. Nutr.,45(3):145-64,

Hunter D.J., Hart D., Snxieper H.. BerTica P., SwamimvataaN R., SpecTor T.D. 2003. Evidence of
altered bone turnover, vitamin D and calcium regulation with knee osteoarthritis in
female twins. Rheumatology (Oxford), 42(11):1311-6.

Imapa M., Tanmmoro K., OuNno S., Sasaki A., Sucivama H., Tanne K. 2003. Changes in urinary
bone resorption markers (pyridinoline, deoxypiridinoline) resulting from experimental-
ly- induced osteoarthritis in the temporomandibular joint of rats. Cranio, 21(1): 38-45.



372

Jianc L.S., Zuanc Z.M., Jiane S.D., CueNn W.H., Dar L.Y. 2008. Differential bone metabolism
between postmenopausal women with osteoarthritis and osteoporosis. J. Bone Miner.
Res., 23(4): 475-83.

GorBerG M.,B. 2000. The role of the chondrocyte in osteoarthritis. Arthritis Rheum., 43 (9):
1916-26.

NieLsEN R.H., Stoopr R,. LEEMING D.d., StoLINA M., QvIST P., CHRISTIANSEN C., KarspaL M.A. 2008.
Evaluation of cartilage damage by measuring collagen degradation products in join
extracts in a traumatic model of osteoarthritis. Biomarkers, 13 (1): 79-87.

Punzi L., Ouviero F., PLEBANT M. 2005. New biochemical insights into the pathogenesis of
osteoarthritis and the role of laboratory investigations in clinical assessment. Crit.
Rev. Clin. Lab. Sci., 42(4): 279-309.

Raap T., Justen H.P., MiLer L.E., Cutoro M., ScHoLMERICH J., STRAUB R.H. 2000. Neurotran-
smitter modulation of interleukin 6/11-6/ and Il-8 secretion of synovial fibroblasts in
patients with rheumatoid arthritis compared to osteoarthritis. J. Rheumatol.,
27 (11): 2558-65.

Rosarki S.B., Foo AY. 1984. Two new methods for separating and quantifying bone and live
alkaline phosphatase isoenzymes in plasma. Clin. Chem., 30 (7): 1182-6.

SzczepaNSKl L. 2000. Choroby zwyrodnieniowe stawéw [Bone degenerative diseases]. Reuma-
tologia., 38 (12): 87-95.

Stanisz A. 1988. Przystepny kurs statystyki w oparciu o program Statistica PL na przykla-
dach z medycyny, wersja 5 [Easy course in statistics based on Statistica PL software
package and case studies in medicine, verison 5]. StatSoft. Krakow.

Stanosz S., ZocHowska E., Kozeowskr A. 2000. Stezenia prolaktyny i gestosé mineralna kosci
u kobiet ze zmianami zwyrodnieniowymi kregostupa [Concentrations of prolactine and
bone mineral density in women with degenative changes in the spine]. Terapia, 1: 48-50.

StaNosz S., ZocHowskaA E., Stanosz M. 2007. Biochemiczne aspekty zmodyfikowanej, przezskor-
nej hormonoterapii zastepczej [Biochemical aspects of modified transdermal hormonal
replacament therapy]. Ginekol. Pol., 78(12): 922-928.

Szczesny G.2002. Patomechanizm powstawania zmian zwyrodnieniowych stawéw. Ortop.
Traumatol. Rehab., 4 (2): 222-229.

Tanmvoro K., Ouno S., Imapa M., Honpa K., Oano-NaraHARA M., Kapira S, Tanne K. 2004. Utility
of urinary pyridinoline and deoxcypyridynoline ratio for diagnosis of osteoarthritis at
temporomandibular joint. J. Oral Pathol. Med., 33 (42): 218-23

Wang Y., EBeLing P.R., Hanna F., O’ SurLivan R., Cicurtint F.M. 2005. Relationship between
bone markers and knee cartilage volume in healthy men. J. Rheumatol., 32 (11):
2200-4.

YosurHarA Y., Nakamura H., OBata H., Yamapa H., Hvakawa T., Fusikawa K., Oxapa Y. 2000.
Matrix metalloproteinases and tissue inhibitors of metalloproteinases in synovial flu-
ids from patients with rheumatoid arthritis or osteoarthritis. Ann. Rheum. Dis., 59 (6):
455-61.

YosuraARA Y., Tsurazakr T., Osakt M., Nakasamva M., Hasur K., Sainpo H. 2004. Altered expression
of inflammatory cytokines in primary osteoarthritis by human T lymphotropic virus
type I retrovirus infection: a cross-sectional study. Arthritis Res. Ther. 6 (4): R 347-54.

YonEHARA N., YosHIMURA M. 2001. Influence of painful chronic neuropathy on neurogenic
inflammation. Pain, 92 (1-2): 259-65.



J. Elementol. 2009, 14(2): 373-382
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Abstract

The objective of the investigations was to evaluate changes in concentrations of total
protein (nitrogen x 6.25), phosphorus and potassium in tubers of two potato cultivars: Ry-
wal and Saturna, as dependent on the application of herbicides (Afalon 50 WP, Azogard
50 WP, Sencor 70 WG, and Apyros 75 WG), after harvest and after 3 and 6 months of
storage. Concentrations of total protein, phosphorus and potassium in potato tubers were
strongly conditioned by genetic features of the cultivars. The tubers collected from the
objects sprayed with the herbicides over the vegetation period contained by 3.7%, 8.1%,
and by 3.5% more protein, phosphorus and potassium, respectively, than those nursed exc-
lusively mechanically. The corresponding values in the latter case reached respectively (me-
ans for the objects with the use of herbicides) 24.4 g kg!, 660.5 mg kgl and 5351.3 mg
kgl After 3 and 6 months of storage at 8°C, the content of nitrogen was significantly
lower. Similarly, tubers stored at 4°C contained significantly less nitrogen, but not earlier
than after 6 months. In contrast, concentrations of phosphorus and potassium did not chan-
ge significantly over the storage of tubers in chambers with the lower temperature (4°C).

Key words: potato, protein, phosphorus, potassium, herbicides, storage.
ZAWARTOSC WYBRANYCH MAKROELEMENTOW W BULWACH ZIEMNIAKA
PRZECHOWYWANYCH W TEMPERATURZE 4 I 8°C
Abstrakt

Celem badan bylo okreslenie zmian zawartosci biatka ogdlnego (azot x 6,25), fosforu
ipotasu w bulwach ziemniaka odmian Rywal i Saturna w zaleznosSci od zastosowanych her-
bicydow (Afalon 50 WP, Azogard 50 WP, Sencor 70 WG, Apyros 75 WG), po zbiorze i po

dr inz. Dorota Wichrowska, Chair of Storage and Processing of Plant Products, University
of Technology and Life Science, Kordeckiego St. 20 b. A, 85-225 Bydgoszcz, Poland, phone:
(48 52) 374 93 20; e-mail: wichrowska@utp.edu.pl;
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316 miesigcach przechowywania. Zawarto§é biatka ogdlnego, fosforu i potasu w bulwach
ziemniaka réznicowaly istotnie uwarunkowania genetyczne odmian. Bulwy zebrane z obiek-
tow opryskiwanych herbicydami w okresie wegetacji roslin zawieraly o 3,7% wiecej biatka,
o 8,1% fosforu, o 3,5% potasu niz bulwy roslin pielegnowanych wylacznie mechanicznie,
dla ktorych warto$ci te wynosily odpowiednio (Srednio dla obiektéw opryskiwanych herbi-
cydami): 24,4 g kg1, 660,5 mg kgl i 5351,3 mg kg'l. Po 3 i po 6 miesiacach przechowywa-
nia w temp. 8°C zawarto$¢ azotu istotnie sie¢ zmniejszata. Rowniez w bulwach przechowy-
wanych w temp. 4°C poziom azotu istotnie sie zmniejszyl, lecz dopiero po 6 miesigcach.
Natomiast zawarto$¢ fosforu i potasu nie zmieniata si¢ istotnie podczas przechowywania
w bulwach sktadowanych w komorach o nizszej temperaturze (4°C).

Stowa kluczowe: ziemniak, biatko, fosfor, potas, herbicydy, przechowywanie.

INTRODUCTION

Despite a wide selection of other raw products and foodstuffs on the
market, potato tubers remain one of the staple elements of the Polish diet.
In Poland, the intake of potatoes reaches about 120 kg per capita annually.
Continues to be the source of many valuable components, such as highly
nutritional protein, rich in exogenic amino acids (Mazurczyk 2005), and min-
eral compounds, including phosphorus and potassium (LeszczyNski 2000, Ko-
LASA 1993, NIEDERHAUSER 1993). The quality of raw potato is affected by sever-
al factors, such as agronomic practice, including weeding (Kraska 2002).
Weeding is so important because competition with weeds for light and nutri-
ents may cause lower concentration of some components in the tubers. In
contrast, successful eradication of weeds promotes the yield potential of the
cultivar and preserves its quality parameters (Gruska 2000). During the stor-
age of tubers, especially at temperatures below 8°C, the content of protein
and mineral compounds should not change considerably. However, in her
investigations RocoziNska (1989) found losses of total protein after storage,
while PoBEREZNY (2005) observed some changes in phosphorus and potassium
concentrations during a 6-month storage of tubers.

The objective of the investigations was to evaluate changes in protein,
phosphorus and potassium concentrations in potato tubers of cv. Rywal and
Saturna after harvest, and 3 and 6 months of storage as affected by herbi-
cides used for weed control.

MATERIAL AND METHODS

Tubers of two potato cultivars from field experiments carried out in 2002-
-2004 at Mochetek Experimental Station of the Bydgoszcz University of Tech-
nology and Life Science, Poland, were used for the investigations. The field
experiments were designed as randomized sub-blocks, where the first exper-
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imental factor was the nursing treatments (plots without herbicides, treated
with Afalon 50 WP, Azogard 50 WP, Sencor 70 W@, and Apyros 75 WQ),
while the second factor was the cultivars: the medium late potato cultivars
Rywal and Saturna. Farmyard manure was used in autumn in the dose 25 t
ha'l, while mineral fertilizers were applied in spring before the potato plant-
ing in the amounts calculated according to the needs of the plant and the
soil nutrient resources: nitrogen — 120 kg N-ha’l, phosphorus — 110 kg
P2O5-ha'1, and potassium — 120 kg K2O-ha'1. The samples were taken af-
ter the harvest and than placed in storage chambers at 4°C and 8°C and
relative air humidity of 95%. After the harvest and the two storage periods
the tubers were analyzed for nitrogen (calculated for protein concentration
Nx6,25), phosphorus and potassium. The results were evaluated statistically
using the variance analysis according to the design of the experiment. The
smallest significant difference was calculated with the use of Tukey’s test.

RESULTS AND DISCUSSION

Owing to their nutritional value, potato tubers have an important role
in human nutrition, for example they are a good supply of protein. Protein
from potato tubers is very useful in anabolic processes, which means that
their biological value is very high compared with soybean protein, and only
slightly lower than the nutritional standard accepted for chicken egg protein
(Mazurczyk 2005). The herbicides used in the experiment significantly in-
creased the total crude protein content by 3.7% in tubers of both cultivars
(mean 24 4 g kg fresh weight) in relation to tubers from the control plots
(Figure 1). Similar results were reported by Krosmska-RYCERsKa et al. (1979,
1975), Korprak et al. (1987), CEGLAREK et al. (1990), Banaszkiewicz (1993), and
ZArzECKA et al. (2000). The accumulation of proteins is also conditioned by
genetic factors (Wopa- LESNIEWSKA 1993). Out of the two examined cultivars,
cv. Saturna, had significantly more protein than the other one, cv. Rywal
(Figure 1).

The results have shown that the content of the macroelements was
modified by the experimental factors. The tubers from plants sprayed with
the herbicides contained significantly more phosphorus (by 8.1%) than those
harvested from the plots treated mechanically (mean for the objects with
herbicides was 660.5 mg-kgl). A similar tendency was observed as an in-
creased concentration of potassium in the tubers from plants weeded both
mechanically and chemically versus plants treated only mechanically (mean
concentration of potassium in tubers from the objects with herbicides was
5351.3 mg-kgl) — Figure 2. Higher content of macroelements in tubers can
be explained by the fact that the plants free from weeds had better access
to light, water and nutrients. CEGLAREK, KsiEZAk (1992) did not find any sig-



376

(g kg fr. m.)
i
o

H-0 H-1 H2 H-3 HA4 Rywal Saturna

Fig. 1. Content of protein in the fresh weight of tubers (g kg!) of the potato cultivars
depending on the herbicides used:
A, B, a, b — homogenous groups (no significant difference between the same groups)
H-0 - plots without herbicide, H-1 — herbicide Afalon 50 WP, H-2 — herbicide Sencor 70 WG,
H-3 — herbicide Apyros 756 WG, H-4 — herbicide Azogard 50 WP

H0 H-1 H-2 H-3 H4 Rywal Saturna

Explanation: H-0, H-1, H-2, H-3, H-4, A, B, a, b — see Fig. 1
Fig. 2. Content of phosphorus in the fresh weight of tubers (g kg!) of the potato cultivars
depending on the herbicides used

nificant changes in concentrations of phosphorus and potassium in tubers
harvested from objects nursed by the mechanical and chemical method.
Korpak et al. (1987) noted a small tendency of increasing concentrations
of phosphorus and potassium in tubers under such conditions, while ZARZECKA
(1997) reported contrary results. Moreover, concentrations of phosphorus and
potassium were significantly differentiated by genetic features of the culti-
vars (Figure 1), an observation that has also been demonstrated by Mikos-
BIELAK, SAWICKA (1999), KoLBE (1997), Woinowska Et al. (2000). Significant dif-
ferences among cultivars in concentrations of potassium were also reported
by PoBEREZNY (2005).
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Explanations: H-0, H-1, H-2, H-3, H-4, see Fig. 1
Fig. 3. Content of potassium in the fresh weight of tubers (mg kg?) of the potato cultivars
depending on the herbicides used

The content of the macroelements in tubers stored at 4°C and 8°C was
significantly different for both cultivars (Table 1, 2, and 3). The cultivar
Saturna accumulated more protein and less phosphorus and potassium than
cv. Rywal. Similarly to the findings of RocoziNska (1989), after 3 and 6 months
in storage chambers at 8°C, tubers of both cultivars contained on average
less protein. However, storage in chambers at 4°C significantly decreased
the protein content after 6 months. Concentrations of phosphorus and po-
tassium increased significantly during storage at the higher temperature.
A small increase of concentrations of both elements after storage was ob-
served also by PoBEREZNY (2005). It can be explained as a higher concentra-
tion of dry matter caused by decreasing amount of water used up by more
intense life processes (transpiration, respiration) occurring during storage,
especially at a higher temperature Sowa-NIEDZIALKOWSKA (1999, 2000). In our
study, concentration of phosphorus in potato tubers did not change during
storage at 4°C, although some changes were observed after 6 months. The
results showed significant correlation between the period of storage and
a specific herbicide. The tubers collected from the plots treated with Azogard
50 WP after 3 month of storage contained less phosphorus than after the
harvest, afterwards the concentration of this macroelement increased but
was never higher than the starting value. A possible explanation can be an
individual reaction of a cultivar to the active component of the herbicide
(prometrin), which can be an activator of biochemical changes occurring dur-
ing storage.

According to the Institute of Foodstuffs and Nourishment in Warsaw
(Z1EMLANSKI et al. 1995, ZEmranski (Ed.) 2001, Gertic, Przystawskr 2006) the
Recommended Daily Allowance for an adult human of about 70 kg equals 56 g
of protein, 800 mg of phosphorus, and 3500 mg of potassium. Assuming that
the losses of those elements during cooking of potato are negligible, consump-
tion of about 300g of potatoes should cover 48.6% of the daily needs of adults
for potassium, 25.1% for phosphorus 12.7% for protein (Nx6.25) (Table 4).
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Table 1

Content of protein in fresh weight of tubers (g kg1]) of the potato cultivars depending
on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage
Cultivars Hfarbi— After at the temperature of 8°C at the temperature of 4°C
cides harvest 3 6 mean 3 6 mean
months | months | (3,4,5) | months | months | (3,7,8)
1 2 3 4 5 6 7 8 9
H-0 21.1 20.5 20.0 20.5 20.7 20.5 20.8
H-1 22.1 21.7 21.0 21.6 21.9 21.4 21.8
Rywal H-2 22.2 21.7 21.0 21.6 21.9 21.4 21.8
H-3 22.0 21.7 21.0 21.6 21.9 21.4 21.8
H-4 22.0 21.4 21.0 215 21.7 214 21.7
Mean 21.9 214 20.7 21.3 21.7 21.2 21.6
H-0 25.9 25.0 24.3 25.1 25.5 25.0 25.5
H-1 26.8 26.0 25.5 26.1 26.4 26.2 26.5
Saturna H-2 26.8 26.2 26.0 26.3 26.4 26.2 26.5
H-3 26.5 26.0 25.7 26.1 26.2 26.0 26.2
H-4 26.8 26.2 25.7 26.2 26.7 26.2 26.6
Mean 24.2 26.0 25.5 25.2 26.2 26.0 25.5
H-0 23.5 22.9 22.1 22.8 23.1 22.6 23.1
Mean H-1 24.5 23.8 23.3 23.9 24.3 23.8 24.2
for H-2 24.5 23.8 23.6 24.0 24.3 23.8 24.2
cultivars ™ 5 243 | 238 | 233 | 238 | 240 | 236 | 240
H-4 24.4 23.8 23.3 23.8 24.3 23.8 24.2
Mean 24.2 23.6 23.1 23.6 24.0 23.6 23.9
LSD_ for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 0.2 0.2
storage time 0.2 0.5
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides n.s n.s
herbicides used x storage time n.s n.s
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 2

Content of phosphorus in the fresh weight of tubers (mg kg?) of the potato cultivars
depending on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage
Cultivars ngbi— After at the temperature of 8°C at the temperature of 4°C
cides | harvest 3 6 mean 3 6 mean
months | months | (3,4,5) | months | months | (3,7,8)
1 2 3 4 5 6 7 8 9
H-0 631 738 749 706 721 718 690
H-1 752 750 755 752 725 737 738
Rywal H-2 683 686 687 685 697 711 697
H-3 640 642 699 660 674 682 665
H-4 707 676 693 692 670 676 684
Mean 683 698 717 699 697 705 695
H-0 583 636 645 621 671 721 658
H-1 594 631 648 624 625 636 618
Saturna H-2 619 633 637 630 606 602 609
H-3 660 668 695 674 631 675 655
H-4 629 602 607 613 612 649 630
Mean 617 634 646 632 629 657 634
H-0 607 687 697 664 696 720 674
H-1 673 691 702 688 675 687 678
gﬁ;ﬁ;ﬁ: H-2 651 660 662 658 652 657 653
H-3 650 655 697 667 653 679 660
H-4 668 639 650 652 641 663 657
Mean 650 666 682 666 663 681 665
LSD_ for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 60 37
storage time 26 n.s
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides 11 27
herbicides used x storage time 12 9
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 3

Content of potassium in the fresh weight of tubers (mg kg™ of the potato cultivars
depending on the herbicides used and the storage time at the temperature of 8°C and 4°C

Time of storage

Cultivars Hfsrbi- After at the temperature of 8°C at the temperature of 4°C

cides harvest 3 6 mean 3 6 mean

months | months | (3,4,5) | months | months | (3,7,8)

1 22 3 4 5 6 7 8 9

H-0 5510 5690 5870 5690 5600 5640 5583

H-1 5640 5870 6200 5903 5650 5810 5700

Rywal H-2 5750 6260 6420 6143 5690 5990 5810

H-3 5600 5690 6100 5797 5830 6010 5813

H-4 5520 6020 6190 5910 6560 6580 6220

Mean 5604 5906 6156 5889 5866 6006 5825

H-0 4820 5100 5500 5140 5440 6070 5443

H-1 4930 5040 5740 5237 5550 5830 5437

Saturna H-2 5090 5400 5550 5347 5180 5520 5263

H-3 5230 5350 5610 5397 6050 5870 5717

H-4 5050 5330 5540 5307 5310 5580 5313

Mean 5024 5244 5588 5285 5506 5774 5435

H-0 5165 5395 5685 5415 5520 5855 5513

H-1 5285 5455 5970 5570 5600 5820 5568

ﬁ?ﬁgﬁg H-2 5420 | 5830 | 5985 | 5745 | 5435 | 5755 | 5537

H-3 5415 5520 5855 5597 5940 5940 5765

H-4 5285 5675 5865 5608 5935 6080 5767

Mean 5314 5575 5872 5587 5686 5890 5630
LSD_ for the storage temperature: 8°C 4°C
herbicides used n.s n.s
cultivars 450 390
storage time 250 n.s
herbicides x cv n.s n.s
cv x herbicides n.s n.s
storage time x cv n.s n.s
cv x storage time n.s n.s
storage time x herbicides n.s n.s
herbicides used x storage time n.s n.s
cultivars x herbicides used x storage time n.s n.s

Explanations: H-0, H-1, H-2, H-3, H-4 — see Fig. 1, n.s. — non-significant difference
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Table 4

Daily covering of the demand of adult man (weighing 70 kg) for proteins, phosphorus,
potassium, assuming consumption of 300 g potatoes and negligible losses
during culinary processing

Daily intake % covering day demand
Date of analysis ; ;
protein phosphorus | potassium . .
(@) (mg) (mg) protein | phosphorus | potassium
After 3 months 7.08 200 1673 12.6 25.0 478
storage at 8°C
After 3 months 7.20 199 1706 12.9 24.9 48.7
storage at 4°C
After 6 months 6.93 205 1762 124 25.6
50.3

storage at 8°C
After 6 months 7.08 204 1767 12.6 25.5 505
storage at 4°C
CONCLUSIONS

1. Herbicides applied during cultivation of potato significantly increased
concentrations of total protein and phosphorus in the tubers, while a simi-
lar tendency occurred for potassium in tubers collected from the control
plots.

2. Tubers of the cultivar Saturna accumulated more protein and less
phosphorus and potassium than cv. Rywal, both after harvest and storage.

3. Concentration of protein in tubers of both cultivars (mean for the
objects) was significantly lower after 3 and 6 month of storage at 8°C in
relation to the values recorded after harvest, while the contents of phospho-
rus and potassium increased significantly during storage.
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Abstract

The study is a comparison of effects produced by boron fertilization applied to spring
barley and oats, grown on light soil, low in available boron, in relation to the application
method (pre-sowing, top dressing, foliar applications) and rates of the element. The study
was carried out as a three-year series of one-year, two-factor strict field trials (the split-
plot design). It has been demonstrated that top dressing with boron applied to soil at the
tillering stage as well as foliar fertilization during the stem elongation stage can significan-
tly improve yields. Grain of both cereals from the control plots showed symptoms of insuf-
ficient boron nutrition, which were absent when boron fertilization had been applied. Pre-
sowing fertilization, although not affecting the yields, improved the supply of grain with
boron. Differences between the cereal species were found in terms of boron concentra-
tions in vegetative organs of the cereals and in their response to higher availability of this
nutrient. Compared to spring barley, oats was characterised by a much higher content of bo-
ron in vegetative parts and was more responsive to increased concentrations of boron in soil.

Key words: boron deficiency, soil or foliar application of boron, boron concentration, yields.

EFEKTYWNOSC NAWOZENIA ZBOZ JARYCH BOREM W ZALEZNOSCI
OD SPOSOBU APLIKACJI

Abstrakt

W badaniach poréwnywano efekty nawozenia borem jeczmienia jarego i owsa, upra-
wianych na glebie lekkiej o niskiej zawartoSci boru przyswajalnego, w zaleznosci od sposo-

Stanistaw Wrobel, Department of Weed Science and Tillage Systems in Wroclaw ul. Orze-
chowa 61, 50-540 Wroctaw, Poland

* The work has been prepared as a part of task 2.4 in the IUNG-PIB long-term programme.
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bu stosowania (przedsiewnie, doglebowo pogtéwnie, dolistnie) oraz dawki. Badania przepro-
wadzono w jednorocznych dwuczynnikowych doswiadczeniach polowych $cistych (metodg
split-plot), powtarzanych przez trzy lata. Wykazano istotne dzialanie plonotworcze nawoze-
nia doglebowego poglownego borem, stosowanego w stadium krzewienia oraz dolistnego
w stadium strzelania w zZdzbto. Ziarno obu zboz z obiektéw kontrolnych wykazywato niedo-
stateczne zaopatrzenie w ten skladnik, ktore ulegalo poprawie pod wplywem stosowania
boru, w najwyzszym stopniu — pogiéwnie doglebowo. Nawozenie przedsiewne nie wplywalo
na poziom plonowania, poprawialo jednak zaopatrzenie ziarna w badany mikroelement.
Stwierdzono réznice miedzygatunkowe w zawartoSci boru w czeSciach wegetatywnych zbéz
oraz wrazliwo$¢ na zwiekszong dostepno$¢ tego skladnika. Zawarto$¢ boru w czeSciach
wskaznikowych owsa byta istotnie wyzsza w poréwnaniu z jeczmieniem jarym i zwiekszata
sie w wiekszym stopniu wraz ze wzrostem tego sktadnika w glebie.

Stowa kluczowe: deficyt boru, nawozenie doglebowe lub dolistne borem, zawarto$¢ boru,
plony.

INTRODUCTION

In the past, the recommendations on fertilization of older generations of
cereals contained an assumption that boron fertilization was useless and
sometimes even harmful to these crops. The concept was derived from such
traits of cereal plants as low nutritional requirements for boron and a nar-
row gap between the optimum and excessive amounts of this microelement
in plant tissues. Another important aspect was that cereal shoots were very
sensitive to increased concentrations of boron in soil (TAHTINEN 1970). Cere-
als grown after a forecrop of root crops fertilized with boron (e.g. beetroot)
responded negatively to increased boron concentrations in soil by producing
lower yields. Under the agronomic technologies currently used in cereal
crop cultivation, new, high-yielding generation cultivars of cereal crops, char-
acterised by high nutritional demands, often struggle with insufficient sup-
ply of boron. Several factors can be involved, such as the widespread deficit
of boron in soils, lack of manure, use of low-ballast fertilizers, frequent spells
of dry weather in spring, simplified tillage and crop rotation systems (mono-
cultures) (BELL 2000, Huang et al. 2000). Another independent albeit impor-
tant reason why boron fertilization can be a recommended procedure is the
increasing nutritional demands (Biata Ksiega 2000). The results of several
research projects completed in the USA suggest that boron plays an impor-
tant role in the metabolism of higher organisms, which casts a new light on
the value of this element in diets for mammals (NIELSEN 1996). Thus, good
boron supply of cereals, staple foodstuff and fodder crops, acquires a new
meaning.

The objective of the present study has been to evaluate the effect of
boron fertilization applied to highly productive cultivars of spring barley and
oats, observed in a strict field experiment set up on soil low in available
boron. Three fertilization methods were assessed: pre-sowing, top-dressing
and foliar.
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METHODS

The study was carried out over the years 2001-2003 as a three-year
series of one-year, two-factor strict field trials (the split-plot design) with
spring barley and oats. The trials were established on boron-deficient soils
(according to a 1 mol HCl-dm™ test) at IUNG-PIB experimental stations.
The experiment involving spring barley (cultivar Brenda) was carried out on
a light (heavy loamy sand), slightly acidic soil, with a high content of phos-
phorus, potassium and magnesium, low concentrations of boron (0.70-1.30 mg
B-kg1) molybdenum and manganese, moderate supply of copper and very
high level of zinc. The soils selected for the trials on oats (cultivar Borowiak)
also belonged to light, acidic soils (light loamy sand) and contained high
concentrations of phosphorus, potassium, magnesium and zinc, average con-
tent of copper, iron and manganese and low amounts of boron (0.60-0.80 mg
B-kgl) and molybdenum (Zalecenia nawozowe 1990).

The design of the experiment:

Factor I (boron application methods, A = 3): A; — pre-sowing, H3BO3 in
the solid form (10-15 days before sowing), A, — top-dressing fertilization,
H3BOg in the solid form applied to soil at the tillering stage, A5 — foliar,
aqueous solution of H3BO4 applied at the stem elongation stage. Factor IT —
rates of boron, B = 5, (concentrations of H3BO4 solutions for foliar applica-
tion in brackets): B; — control treatment - without boron fertilization, B, —
0.6 kg B-ha'l (0.1% = 0.085 kg Bha'l), B; — 1.2 kg Bha'! (0.2% = 0.170 kg
Bha'l), B, — 1.8 kg Bha'! (0.3% = 0.255 kg Bha'l), By — 2.4 kg Bha'! (0.4%
= 0.340 kg B'ha'l). The experimental plots measured 10.0 m x 3.0 m when
establishing the trials, and 10.0 x 2.5 m for the harvest. The cereals were
grown according to the principles of rational agronomy, taking into account
the soil and climatic conditions, stand, forecrop, soil fertility, etc. The weather
conditions did not much differed over subsequent research years. Winter
throughout the three years showed mild temperatures, higher that the mul-
ti-year norms, at lower precipitation. In 2001 March and July recorded heav-
ier precipitation (about 35 and 70 mm above the multi-year mean, respec-
tively). The two successive years kept mostly near-normal temperatures and
precipitation with more considerable water deficits in June 2003 or in July
2002. Full chemical control of the experimental plots was performed. Grain
yields were measured. For chemical analyses, the following were sampled:
aerial parts of plants at the early heading stage (barley) or the early booting
stage (oats) — the indicator parts according to BERGMANN & NEUBERT (1976),
grain and straw at the harvest and soil from the arable layer (0-20 cm deep)
after the termination of the trials. Chemical analyses of soil and plants were
performed with the methods commonly used in agrochemical stations.The
plant material after wet mineralization was determined to define the con-
tent of nitrogen with Kjeldahl method, phosphorus with the vanadium-mo-
lybdenum method, potassium and calcium — with the flame photometry and
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magnesium — with the AAS method. The content of microelements in dry
mineralized plants was determined with the AAS method (Cu, Mn and Zn)
except for colorimetrically determined boron — the method with curcumin
and molybdenum — the thiocyanate method (Metody badan 1980). pH of soil
in 1 mole KCl-dm™, granulometric composition of soil following Casagrande
modified by Prészynski. The content of available forms of phosphorus and
potassium in soil were determined with Egner and Riehm method, magnesi-
um following Schachtschabel (Metody badan 1980). To determine the micro-
elements (B, Cu, Mn, Mo, Zn), the soil was extracted with the so-called
common extractant (1 mole HCl-dm) following the instructions developed
by IUNG (GEMBARZEWSKI, KorzENIOWSKA 1990). Cu, Mn and Zn were deter-
mined with the AAS method, boron and molybdenum — calorimetrically. The
results of the soil analyses were estimated with the applicable threshold
values (Zalecenia Nawozowe 1990).

The results underwent statistical processing with analysis of variance,
correlation and multiple regression with Statgraphics package and AWAR
program (FiLipiak, WiLkos 1995, FiLiriak, WiLkos 1998). The significance of
cross-object differences in variance analysis were evaluated with Tukey’s test
(a L 0.05).

RESULTS AND DISCUSSION

Similar tendencies in the response of grain yields of both cereals to
boron fertilization were observed depending on the method of boron applica-
tion and its rate. As a result of this interaction, statistically the highest
yields were obtained in the sub-blocks which had received base top dressing
fertilization and foliar fertilization, with the latter treatment method pro-
ducing substantially better results, especially with respect to oats (Table 1).
The fact that the cereals did not respond to pre-sowing boron application
with improved grain yields can be attributed to the negative effect of boron
on germinating cereal plants (TAHTINEN 1970). Another factor which comes to
play is the time lapse between the introduction of the fertilizer to soil and
the moment when the plants’ demand for this nutrient was the highest. In
contrast, boron applied in a top-dressing treatment during the tillering stage
was a good source of this element for the crops, which was reflected by the
positive response to boron fertilization with both improved grain yields and
higher boron concentration in grain. The highest rates of boron applied with
this method caused non-significant decrease in yields, which confirmed the
assumption that cereals are responsive to elevated availability of boron
(NaBLE et al. 1997). Boron used for foliar treatments applied during the criti-
cal stage of the crop development proved to be most effective in stimulating
higher yields. As the data set in table 1 indicate, this method of boron appli-
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Table 1
Response of spring cereal grain yield to boron fertilization (three-year average)
Spring Oats Mean
barley

Treatment !

o cerea

Mg-ha units-ha'l
A B, 4.19 4.58 43.85
A AB, 417 4.72 44.45
- n,

pre-sowing AB3 421 470 4455

AB, 4.20 4.65 44.25

ABg 4.22 4.49 43.55

AB, 4.17 4.58 43.75

. A,B, 4.38 4.74 45.60

e top-dressing

Fertilization A,Bg 4.40 5.12 47.60
A,B, 4.37 5.15 47.60

A,By 4.35 4.94 46.45

AB, 4.16 4.57 43.65

A 4.50 5.21 48.55

foliar 3B

AsBg 4.50 5.22 48.60

AsB, 4.40 5.26 48.30

AsBg 4.45 5.32 48.85

A, 4.20 4.63 44.13

Average A, 4.33 491 46.20
Aq 4.40 5.12 47.59

LSD ¢=<0.05 0.19 0.23 2.08
B, 4.17 4.58 43.75

B, 4.35 4.89 46.20

Average Bg 4.37 5.01 46.92
B, 4.32 5.02 46.72

Bj 4.34 4.92 46.28

LSD ¢<0.05 n.s.* n.s. n.s.
LSD a<0.05 111 0.20 0.33 2.62
“=" 111 0.18 0.39 2.77

* n.s. — non-significant differences

cation raised an average yield of cereal units within the range of 4.65-5.20
per ha. For oats, the three-year average grain yield increment ranged from
14.0 to 16.4% versus the control.

The initial boron concentration (in B1 objects without boron fertiliza-
tion) in the indicator plant parts of both cereal crops was within the opti-
mum range as established by BErRGMANN & NEUBERT (1976). Nonetheless, it
rose significantly in response to the fertilization. The highest increase in
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the boron levels in plant tissues occurred under the highest rate of boron,
2.4 kg B-ha'l, applied to soil as a top-dressing treatment. The foliar applica-
tion of boron to oats proved only slightly less effective. Both absolute values
of boron concentrations in vegetative parts and increased boron levels caused
by the fertilization were higher in the case of oats, which results mainly
from the genetic traits of the two cereal species (RERKASEM, Jamop 1997). For
both cereals, the pre-sowing boron fertilization did not affect the yields but
increased the concentration of boron in the indicator parts in a way that
was similar to the effects produced by the top-dressing fertilization, which
in turn caused an evident stimulating effect on the grain yields
(Tables 1 and 2).

Boron supply of cereal grains showed somewhat different tendencies. By
referring to the analogous data available from literature, it was discovered
that the initial boron concentration in grains of both cereal crops was lower
than the norm, but the boron fertilization treatments successfully improved
the supply of this element, with the best results obtained when top-dressing
applications were used. This finding is confirmed by the correlations: B soil/
B barley grain r =0.77; B soil/B oats grain r = 0.82; a =0.01. In the case of
foliar application, boron concentration levels similar to the comparative data
were obtained only when the highest boron rates had been applied. Top-
dressing of oats with the highest boron rates proved to be less effective,
both in terms of the resulting grain yield mass and the concentration of
boron in grain (Tables 1 and 2). The results suggesting high effectiveness of
boron top-dressing soil treatments in improving boron concentration in ce-
real grains are supported by earlier studies (RERKASEM et al. 1997, HuanG et
al. 2001, WROBEL, SIENKIEWICZ-CHOLEWA 2004). Although foliar application is rel-
atively less expensive, this method cannot compete with the classical soil
fertilization, which guarantees ionic balance in soil and continuous dynam-
ics in the uptake of this nutrient, which in turn ensures proper supply of
grains with boron. This is also a result of the fact that boron is not reuti-
lized in plants.

The next stage in the evaluation of the effect of a given boron fertiliza-
tion treatment was the computation of quantitative relations between the
content of boron and calcium in tissues of the index parts of barley and
oats. As the two elements are antagonistic to each other, the ratio of their
quantities in new plants is better at establishing the boron supply than the
absolute concentration of boron in plants (Smmojokr 1991). The Ca:B values
were narrower as the rates of boron increased, which proved that the boron
supply of plants improved. The highest doses of boron depressed the mean
Ca:B ratios for both cereal indicator parts (Table 2).

The results of the chemical analysis of soil samples after the termina-
tion of the trials showed that top-dressing application of boron significantly
rose the content of its forms soluble in 1 mol HCl-dm3, considered to be
available forms (GEMBARZEWSKI, KorzENIOWSKA 1990). In both series of the tri-
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Table 2
Changes of B concentration and Ca:B quantitative ratio in cereals under
boron fertilization (average effect)
Barley Oats Barley | Oats
Treatment indicator grain indicator grain Ca:B
parts parts (indicator
mg B kg of dry matter parts)
AB, 8.4 1.2 17.8 1.2 157 475
, AB, | 133 1.7 29.9 12 | 124 | 220
Te- n;
Pre-sowng | aABs | 154 | 18 31.3 13 | 97 | 172
AB, 15.1 1.8 36.3 14 107 153
A By 18.3 1.7 45.5 1.3 82 120
AB, 8.2 1.1 18.2 1.2 160 436
top-dressi AB, 9.3 1.2 40.3 1.3 133 128
-dressin,
Fertilization | ~© o8 | ABg | 132 18 49.1 14 | 108 | 113
AB, 15.7 1.8 50.4 1.8 101 93
ABg 19.0 2.3 52.1 1.7 77 81
AgBy 7.8 0.8 17.9 1.1 168 481
A 8.2 1.0 29.2 1.1 154 315
foliar 3B
AgBg 8.1 1.0 35.3 1.3 157 237
AB, 8.9 1.1 384 1.3 144 205
ABj 9.1 1.3 44.0 1.5 146 188
A 14.1 1.6 32.2 1.3 113 228
Average A, 13.1 1.6 42.0 1.5 114 202
A, 8.4 1.0 33.0 1.3 165 296
LSD ¢=<0.05 3.89 0.42 n.s.* n.s. 33.94 n.s.
B, 8.1 1.0 18.0 1.2 161.7 | 464
B, 10.3 1.3 33.1 1.2 137.0 | 221
Average B, 12.2 1.5 38.6 1.3 91.3 174
B, 13.2 1.6 41.7 1.5 117.3 150
By 15.5 1.8 47.2 1.5 101.7 130
LSD ¢<0.05 4.74 0.44 19.33 0.17 | 34.40 | 139.94
LSD ¢ <0.05 111 4.33 0.58 17.51 0.31 | 29.21 | 155.09
“=" I | 409 | 054 n.s. ns. | 23.16 | ns.
Reference levels
*_
5-12%%  1.34%F 15 - 20%* lif

* n.s. — non-significant differences
**after BERGMANN and NEUBERT (1976), ***after Foryma and MERcIK (1995)
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als, with barley and with oats, this meant that the available boron concen-
tration in soil changed from class III (low) to II (moderate) (Zalecenia nawo-
zowe 1990), Table 3.

By performing step-wise the multiple regression calculations, the effect
of boron on higher grain yields was demonstrated in the form of functions.
Assuming that grain yield was a dependent variable and the content of nu-
trients in plants and soil were independent variables, the following equa-
tions were obtained:

Y barley = 0-5009 + 0.2029 By . +0.0473 P +0.0777 K,y

R?=0.871; a< 0.05
Y oats = 0-8718 + 0.0412 By . +0.0842 Mn,, ;) + 0.4536 K,
R2=0.73; ¢ <0.05
where:
y — grain yield, in t per ha;
Bgiraw content of boron in straw of cereal crops, in mg B-kg
d.m.;
Mngmin content of manganese in oats grain in mg Mn-kg! d.m.
Igp’ — content of potassium in the indicator parts of oats plants,
in mg K-kg'! dm;
P, Ky — content of available forms of phosphorus and potassium

in soil, in mg kg1 d.m. of soil.

High determination coefficients suggest that the above equations de-
scribe large part of the analysed variability of yields, which are significantly
affected by a series of factors including the supply of vegetative plant parts
(straw) with boron.

The results reported in this paper imply that the issue of boron fertili-
zation of spring cereal crops is a complex one. The effectiveness of foliar
application of boron in raising grain yield volumes does not coincide with
the situation in which an appropriate level of this nutrient is guaranteed to
occur in cereal grains. Plants grown on soils which are low in available
boron will have an optimum amount of this element, and then boron fertili-
zation causes substantial increments in the content of boron in the vegeta-
tive parts of the plants and in the grain. Certain differences between the
two cereal species seem to occur, both in terms of their nutritional de-
mands and sensitivities of the highest rates of boron tested in our study.
Thus, it seems worth continuing the present research. The next steps should
consist of verification of the criteria applied for assessment of the supply of
plants with boron. The ranges of optimum supply suggested by BERGMANN
and NEUBERT (1976) concerned older generation of cereals and could be an
inadequate reference for contemporary, high-yielding genotypes. Lack of prop-
er criteria makes it impossible to assess precisely how cereal grain is sup-
plied with boron. And such an evaluation will become a necessity under the
new EU regulations which follow the principle ‘from field to table’. This
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Table 3
Available boron content in soil after harvest (three-year average)
mg B-kg?!
Treatment ;
spring
barley oats average
AB, 0.88 0.50 0.69
. ABy 1.21 0.33 0.77
re-sowin
P & AB3 1.18 0.37 0.78
ABy 1.18 0.72 0.95
A By 1.28 0.82 1.05
AB, 0.86 0.50 0.68
A 1.21 0.54 0.88
. top-dressing 252
Fertilization A,Bg 1.28 0.60 0.94
AB, 141 0.82 1.12
ABy 1.44 1.12 1.28
AB, 0.90 0.52 0.71
A 0.89 0.51 0.70
foliar 3B

ABg 0.93 0.56 0.75
AB, 1.00 0.50 0.75
ABy 1.08 0.49 0.79
A 1.15 0.55 0.85
Average A, 1.24 0.72 0.98
A, 0.96 0.52 0.74
LSD ¢=<0.05 0.11 0.13 0.12
B, 0.88 0.51 0.69
B, 1.10 0.46 0.78
Average By 1.13 0.51 0.82
B, 1.20 0.68 0.94
By 1.27 0.81 1.04
LSD ¢<0.05 0.25 0.20 0.23
111 0.22 0.19 0.21

LSD ¢<0.05
111 0.28 0.25 0.26

* n.s. — non-significant differences

principle sets forth certain requirements on the chemical composition
of foodstuffs, particularly such important agricultural products as grains
of cereal plants (Biala Ksiega 2000). The redefined nutritional recommenda-
tions regarding boron are a consequence of the latest global studies which
clearly underline the important functions this element plays in the metabo-
lism of calcium and fluorine in bodies of mammals (NIELSEN 1996, NIELSEN
1997). The suggested future studies should focus on nutritional demands
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of species and cultivars of various crops as well as their response to boron
fertilization. The results of the studies conducted until now point to a dis-
turbing fact that soil fertilization with boron is almost a non-existent proce-
dure whereas sporadic fulfilment of plants’ nutritional demands via foliar
application of multi-component preparations can lead to producing grain that
is insufficiently supplied with this important microelement, and such grain
is of inferior biological and consumption quality.

CONCLUSIONS

1. Boron fertilization, and particularly soil top-dressing and foliar appli-
cation of this element, caused significant increase in the grain yields pro-
duced by spring barley and oats, grown on soil low in available boron. Pre-
sowing fertilization, while not affecting the grain yields, improved the grain
supply with boron.

2. Compared to spring barley, oats was characterised by a much higher
content of boron in vegetative parts and was more responsive to increased
concentrations of boron in soil.

3. Grain of both cereal crops grown under boron deficit in soil contained
less than average amounts of this nutrient. Boron fertilization improved
boron concentrations in grains. The best results in improving the supply of
grain with boron were obtained under top-dressing soil application of this
nutrient.

4. The results obtained in the present study suggest that grains pro-
duced on soils low in available boron by high yielding cultivars of spring
barley and oats, which have high nutritional demands, might contain insuf-
ficient amounts of this element even if foliar fertilization had been applied,
such as some of popular multi-component micronutrient preparations.

5. Owing to the complex nature of cereal fertilization with boron as well

as growing nutritional demands of consumers, studies focusing on this ques-
tion need to be continued.
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Abstract

The study focused on the effects of foliar fertilization with boron applied to spring
wheat grown on sandy soil, low in available boron, under the conditions of simulated dro-
ught stress and the soil pH modified by liming. The study involved pot trials set up in
a greenhouse. Wagner’s pots, each containing 6 kg of light soil, served as experimental
units. It was demonstrated that foliar application of boron was effective in mollifying the
unfavourable wheat growth and nutrients uptake conditions (drought and soil reaction chan-
ge). The fertilization alleviated the results of the limited availability of boron, significantly
increasing the grain and straw yield mass and enriching the yields with boron. The highest
rates of boron used for foliar application (7 and 9 cm3 0.3% H3BO3-pot'1) raised the concen-
tration of this element in wheat grain up to a level comparable to the reference data.

Key words: drought, soil liming, boron fertilization, B content, yields.
REAKCJA PSZENICY JAREJ NA NAWOZENIE DOLISTNE BOREM
W WARUNKACH OGRANICZONEJ DOSTEPNOSCI TEGO SKLADNIKA
Abstrakt

W badaniach okreslano efekty nawozenia dolistnego borem pszenicy jarej uprawianej
na glebie lekkiej o niskiej zawartosci boru dostepnego, w warunkach symulacyjnego stresu
suszy i zmiany odczynu gleby wskutek wapnowania. Badania przeprowadzono w doswiad-

Stanistaw Wrobel, Department of Weed Science and Tillage Systems in Wroclaw ul. Orze-
chowa 61, 50-540 Wroctaw, Poland

* The work has been prepared as a part of task 2.4 in the IUNG-PIB long-term programme.
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czeniach wazonowych, w hali wegetacyjnej. Jednostke do$wiadczalng stanowily wazony Wa-
gnera mieszczace 6 kg gleby lekkiej. Wykazano skuteczno$é dolistnej aplikacji boru w tago-
dzeniu niesprzyjajacych warunkéw rozwoju pszenicy i pobierania skladnikéw (susza i zmia-
na odczynu gleby). Zastosowane nawozenie lagodzito skutki ograniczonej dostepnosci
sktadnika, zwiekszajac istotnie mase plonéw ziarna i slomy pszenicy jarej oraz wzbogacajac
je w bor. Najwyzsze z zastosowanych w dolistnej aplikacji dawki boru (7 i 9 cm3 0,3%
H3B03~Wazon'1) zwiekszaly zawarto$¢ tego sktadnika w ziarnie pszenicy do poziomu zbli-
zonego do poréwnawczego.

Stowa kluczowe: susza, wapnowanie gleby, nawozenie borem, zawarto$¢ B, plony.

INTRODUCTION

Although cereal crops, like other grasses, are less dependent on boron
than dicotyledonous plants, it would be erroneous to assume that they did
not need to be fertilized with this microelement. Among all major microele-
ments, boron is the one that is most often found deficient in soil, which in
turn leads to a deficit of this element in cereal crops (GoLbBACH 1997, GEM-
BARZEWSKI 2000). Positive response of grain plants to boron fertilization has
been demonstrated in strict field experiments (WROBEL 2004, WROBEL 2006).
Moreover, certain findings in physiology have abolished the notion that bo-
ron plays no role in the physiology of mammals (NIELSEN 1996). As a result,
more attention is now being paid to proper boron nourishment of grain
crops, one of the staple food and fodder plants in European agriculture (Yau
2000, BLEVINS, LUKASEVSKI 1998, WROBEL 2004, WROBEL 2006). Boron is taken
up by plants mainly with the water transpiration stream, thus its availabili-
ty for plants is worse during periods of drought, especially if the soil is low
in this element. Elevated soil pH (e.g. after liming) has a similar effect on
boron availability. These two factors can considerably inhibit the growth of
plants, especially if they occur during critical plant growth phases.

The aim of the study has been to give scientific assessment of the ef-
fects of foliar fertilisation with boron applied to spring wheat grown under
the deficit of boron in soil, which was subjected to simulated drought during
a critical plant growth phase, in relationship with the soil reaction.

MATERIAL AND METHODS

The study involved pot trials set up in a greenhouse at the IUNG-PIB
Experimental Station in Jelcz-Laskowice. Wagner’s pots, each containing 6 kg
of light soil, served as experimental units. The soil used for the trials was
loamy sand, slightly acidic, rich in P, K and Zn, low in available B
(0.9-1.1 mg B kg of dry soil according to the test with 1 mol HCl-dm™)
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and moderately rich in Mg, Cu, Mn and Mo (Zalecenia nawozowe 1990).
A two-factor experiment with 5 replications was carried out for three years,
according to the following design: first-order factor (A= 4) was boron availa-
bility: A1 — natural soil (pH =5.7), during the whole growing season the soil
moisture in the pot was maintained at 60% of the maximum water satura-
tion (MWS); A2 — soil as above, limed with calcium carbonate according to
single hydrolytic acidity (1 Hh), soil moisture at 60% MWS; A3 — natural
soil, with the moisture content depressed to 40% MWS for 14 days since
growth stage 61 on the Zadoks scale (onset of inflorescence emergence) (Ro-
zDOJ 1996); A4 — limed soil (according to 1 Hh) + soil moisture lowered to
40% MWS for 14 days. The second-order factor (B = 5) comprised boron rates
in foliar fertilization treatments applied during the tillering phase (0.3%
H3BOg solution per pot): B1 — control treatment (without boron fertiliza-
tion), B2=3 cm3, B3 =5 cm?, B4 =7 cm3, B5=9 cm?3. The desirable mois-
ture of soil was established on the basis of determined maximum water
saturation value. Soil moisture in pots was maintained by watering with
deionizated water. The adequate amount of water for each pot individually
was stated by weight.

Basic fertilization (in g-kg! soil) was: 0.2 N, 0.1 P, 0.2 K, 0.01 Mg, +
microelements (in mg-kg! soil): 0.750 Cu, 3.50 Mn, 0.242 Mo, 2.50 Zn.
Wheat (cultivar Ismena) was harvested at the full maturity phase. Lengths
of growing seasons in the successive years of experiment were 91, 93 and
88 days. Grain and straw yields were determined.

Chemical analyses of soil (before experiment) and plants (grain and straw
collected after the trials had been terminated) were performed with the
methods commonly used in agrochemical stations. pH of soil in 1 mole
KCI-dm3, granulometric composition of soil following Casagrande modified
by Proészynski. The content of available forms of phosphorus and potassium
in soil were determined with the Egner and Riehm method, magnesium
following Schachtschabel (Metody badan 1980). To determine the microele-
ments (B, Cu, Mn, Mo, Zn), the soil was extracted with the so called com-
mon extractant (1 mole HCl-dm™) following the instructions developed by
IUNG (GEmMBARZEWSKI, KORZENIOWSKA 1990). Cu, Mn and Zn were determined
with the AAS method, boron and molybdenum — colorimetrically. The re-
sults of the soil analyses were estimated with the applicable threshold val-
ues (Zalecenia Nawozowe 1990). The plant material after wet mineralization
was determined to define the content of calcium — with the flame photome-
try. The content of boron in dry mineralized plants was determined colorim-
eterically — using the method with curcumin (Metody badan 1980).

This paper is a synthetic presentation of the results from the three
years, processed statistically. The research result analysis involved variance
and correlation analyses performed with AWAR and Statgraphics programs
(Fruipiak, WiLkos 1995). The significance of cross-object differences in vari-
ance analysis were evaluated with the Tukey’s test ( < 0.01).
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RESULTS

The soil, initially slightly acidic in reaction (pHg 5.7), was limed in
sub-blocks A2 and A4 using CaCO; in a rate calculated according to 1 Hh,
after which it was made more alkaline, reaching pHy 6.3-6.6. In sub-block
A2, this did not change significantly any of the yield components tested
(plant height H, ear weight EW, number of grains per ear GE). However,
under these conditions, foliar application of boron improved the analysed
yield parameters more effectively than in the trials with natural soil (A1),
thus the highest values of the above parameters were obtained in the ferti-
lisation variants A2B4 and A2B5. The simulated drought stress in sub-bock
A3 and, even more evidently, in limed soil (A4) significantly inhibited the
development of spring wheat, which was reflected by statistically significant
declines in the analysed yield components. In the object A4B1 the height of
plants (H) was 27.6%, ear weight (EW) — 22.2% and number of grains per
ear (GE) — 30.6% lower than in the initial object A1B1 (Table 1).

Higher rates of boron significantly alleviated this unwanted effect, al-
though when compared to the sub-blocks receiving optimum water supply
during the whole growing season (Al and A2), the differences in the yield
components often remained statistically significant. The analysed components
of yield produced by spring wheat showed rather close correlation, including
H/EW (r =0.708; « =0.01); H/GE (r = 0.639; a = 0.01) and EW/GE (r = 0.733;
a =0.01). They were also closely correlated with spring wheat grain yield,
e.g. grain yield /EW (r =0.801; a = 0.01) and straw yield, e.g. straw yield/H
(r=0.648; @ =0.01). Thus, modifications in the analysed yield components
caused by the interaction between the experimental factors had a significant
effect on the mass of yields obtained. The liming of soil with CaCOg in
a rate established according to 1 Hh in sub-block A2 did not cause any sig-
nificant changes in grain and straw yields compared to spring wheat grown
on natural soil (A1l). However, significantly depressed grain and straw yields
produced by spring wheat were caused by water deficit during the flowering
phase (sub-block A3), especially when the soil had been limed (sub-block A4).
Foliar application of boron raised the yields significantly, both in the sub-
blocks receiving optimum water supply and those which underwent water
deficit and soil reaction modification (Table 2).

The grain obtained on boron-deficient soil, irrespective of water supply
or soil reaction, was characterised by a low concentration of this element
versus the comparison data. Foliar application of boron increased its con-
tent in grain, with the actual improvement dependent on the water supply
and soil reaction modification. The most positive changes in the boron con-
tent occurred in the control sub-block (A1) and limed sub-block (A2), in which
higher boron fertilisation rates resulted in the boron content in grain ex-
ceeding the reference data. The least positive results were obtained from
sub-block A4 (drought stress + liming), in which the supply of boron for
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Table 1

Effect of boron foliar application on some components of the spring wheat yield

(three-year average)

Treatment Plant height Weight of ear | Weight of ear in | Number of grain
cm (H) g (EW) g (EW) per ear (GE)
B1 88.0 1.35 37.6
B2 91.2 1.56 43.7
Al B3 92.1 1.67 44.0
B4 93.5 1.62 45.9
B5 90.7 1.70 44.6
B1 86.4 1.30 36.6
B2 90.0 1.52 44.7
A2 B3 90.9 1.58 44.0
B4 92.4 1.75 47.0
B5 92.3 1.78 47.2
B1 67.7 1.15 30.2
B2 70.4 1.33 30.9
A3 B3 71.3 1.35 314
B4 78.3 1.43 32.5
B5 78.4 151 34.8
B1 63.7 1.05 26.1
B2 67.7 1.03 25.9
A4 B3 67.5 1.13 27.9
B4 69.9 1.33 30.5
B5 72.8 1.48 32.3
Al 91.1 1.58 43.2
Average A2 90.4 1.59 43.9
A3 73.2 1.35 32.0
A4 68.3 1.20 28.5
LSD o 9.14 0.29 6.08
B1 76.5 1.21 32.6
B2 79.8 1.36 36.3
Average B3 80.5 1.43 36.8
B4 83.5 1.53 39.0
B5 83.6 1.62 39.7
LSD .0 6.18 0.31 5.95
oo | W | e | o | i
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Table 2

Yields of spring wheat grain and straw under boron treatment
(three-year average)

Grain Straw
Treatment
g-pot!

B1 27.1 33.9

B2 30.0 34.6

Al B3 30.5 36.6
B4 31.0 36.7

B5 314 34.2

B1 27.0 34.1

B2 28.8 36.0

A2 B3 30.9 36.5
B4 32.0 37.3

B5 30.3 35.9

B1 24.9 30.3

B2 25.5 325

A3 B3 26.9 34.0
B4 28.1 35.6

B5 29.2 35.9

B1 23.8 29.5

B2 24 .4 30.7

A4 B3 25.6 32.2
B4 27.3 34.2

B5 28.3 34.5

Al 30.0 35.2

Average A2 29.8 36.0
A3 26.9 33.7

A4 25.9 32.2

LSD ,n 2.58 2.87
B1 25.7 32.0

B2 27.2 33.5

Average B3 28.5 34.8
B4 29.6 36.0

B5 29.8 35.1

LSD 0 2.57 2.66
mo om |

*n.s. — non-significant differences
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Table 3

Content of boron and Ca:B quantitative ratio in the spring wheat grain and straw
(three-year average)

Treatment Grain Ca:B Straw CaB
mg- kgl dry matter mg- kgl dry matter
B1 1.35 441 327 4.35 1720 395
B2 1.47 464 316 497 1914 385
Al B3 1.64 506 308 5.64 1963 348
B4 1.74 496 285 5.74 1847 321
B5 1.69 485 287 5.69 1809 318
B1 1.00 388 388 391 1810 463
B2 1.38 523 379 4.79 2060 430
A2 B3 145 536 370 4.88 2060 422
B4 1.68 588 350 5.71 2146 376
B5 1.67 576 345 5.85 2135 365
B1 1.09 363 333 3.09 1225 396
B2 1.08 352 326 3.27 1276 390
A3 B3 1.35 443 328 3.65 1340 367
B4 148 458 310 4.21 1390 330
B5 1.56 490 314 4.33 1380 319
B1 1.00 392 392 2.97 1340 451
B2 1.08 410 379 3.08 1340 435
A4 B3 1.15 443 385 3.22 1295 402
B4 1.33 478 360 3.73 1436 385
B5 1.37 485 354 3.88 1478 381
Al 1.58 478 305 5.28 1851 353
Average A2 144 522 366 5.03 2042 411
A3 1.31 421 322 3.71 1322 360
A4 1.19 442 374 3.38 1378 411
LSD 0.20 72.4 58.1 0.97 1895 46.7
B1 1.11 396 360 3.58 1524 426
B2 1.25 437 350 4.03 1648 410
Average B3 1.40 482 348 4.35 1665 385
B4 1.56 505 326 4.85 1705 353
B5 1.57 509 325 4.81 1701 346
LSD 0.22 770 33.1 0.69 176.3 38.9
LSD 111 0.27 494 36.5 0.72 164.8 44.2
a<001 11 0.24 45.2 55.0 1.18 283.5 56.6

Reference B content after Foryma and MERCIK (1995)

1.52 800 - 3.25 2700 -
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wheat grain did not reach the reference data (Table 3). The initial content
of boron in wheat straw was high, surpassing the reference data. However,
the straw of wheat plants grown under drought conditions was clearly infe-
rior in the amounts of this microelement and satisfactory improvement was
obtained only in the objects fertilised with the highest rates of boron (Ta-
ble 3).

These observations are confirmed by the values of the Ca:B quantitative
ratio in spring wheat grain and straw, which characterises plants’ nutrition
with boron more fully than the absolute content of boron in plant dry mat-
ter. Even when plants receive quite a good supply of boron, excessive
amounts of calcium in plant tissues may create boron deficiency conditions
(Gupta 1972, Kope¢, MicHALEC 2007). It is so because of antagonism between
these two elements. Any narrowing of the Ca:B ratio suggests improved
supply of plants with boron. The comparison of the Ca:B ratios from partic-
ular experimental objects proves the effectiveness of boron application as
a means of improving plants’ supply with boron. Changes in the Ca:B ratio
occurring in the experimental objects depended mainly on changes in the
content of boron in plant tissues, thus they were more evident in straw
rather than in grain. Both in grain and in straw of spring wheat, the Ca:B
quantitative ratio was broader in limed sub-blocks (A2 and A4), which was
due to the increased supply of calcium. Under such conditions, the demand
of wheat plants for boron also increased. As a result of foliar application of
boron, the Ca:B ratio changed in a reversely proportional correlation to the
volume of the boron rate applied (Table 3).

DISCUSSION

The interaction between the experimental factors (availability of boron
x foliar fertilisation with boron) caused significant changes in the analysed
yield structure of spring wheat. These changes affected the yields of grain
and straw. Water deficit during the inflorescence phase (from growth stage
61 according to the Zadoks scale) may create a considerable threat to spring
wheat yields (MouHOUCHE et al. 1998, Huanc et al. 2000). One of the reason
could be the deficit of boron in plants resulting from the fact that the up-
take of this element by plants is largely limited under drought conditions
(plants take up boron with the water transpiration stream) as well as the
lack of reutilisation of boron in plants (GoLpBACH 1997, BLEVINS, LUKASEWSKI
1998, THELLIER et al. 2001). Another cause why the availability of boron was
limited might have been increased soil pH. At pHy > 6.0, boron occurs in
soil solution as anions of boron hydrides B(OH),", which can easily be ab-
sorbed by loamy minerals, aluminium hydroxides and organic substances.
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The physiological functions of boron in a plant, including the effect of
this element on the development of generative parts, are decisive for the
proper development and maturation of cereal grains (GoLbBacH 1997, Huanag
et al. 2000, Yau 2000) thus by supplying additional amounts of boron in the
form of foliar application during the critical growth phases can be perceived
as a factor which mollifies the results of unfavourable boron deficits. Foliar
fertilization with boron in the experiments leads to a statistically significant
improvement of yield structure parameters and spring wheat yield volumes.
This type of a relationship is further verified by relatively high coefficients
of B in straw/plant height (r=0.667; a =0.01), B in straw/weight of ear
(r=0.511; a =0.01), B in grain/grain yield (r =0.562; a = 0.01), B in straw/
straw yield (r = 0.622; ¢ = 0.01).

The deficit of available boron in the soil used for our trials, made more
severe due to the drought stress or when the soil reaction was more alka-
line, may have implied that plants received insufficient amounts of boron as
a nutrient. As one could have expected, the content of boron in plants from
the control objects (B1 — without boron fertilization) was too low versus the
data supplied by the references (Foryma, MERcIK 1995). The highest rates of
boron applied for foliar treatments increased the content of boron in grains
to a level comparable to the standard, in which case the fertilisation treat-
ment played a double role: it increased the grain yield and improved its
nutritional quality (Tables 2, 3). In sub-block A4 (periodic drought + soil
liming), such a level of boron concentration was not achieved. Insufficient
content of boron in wheat grain can raise some anxiety in terms of nutri-
tional quality of grain for human consumption or animal fodder (Biara Ksig-
GA 2000). As some research seems to suggest, boron deficit in food or fodder
can be responsible for health disorders in man and animals (NIELSEN 1997).

CONCLUSIONS

1. The deficit of boron available in soil had a negative effect on the
spring wheat yield structure parameters and yield level as well as the con-
centration of boron in grain and straw. This correlation was stronger when
boron availability was depressed (periodic drought, soil liming).

2. Foliar fertilization with boron has a favourable effect on the major
wheat yield components, significantly improving grain and straw yields.

3. The highest rates of boron used for foliar application (7 and 9 ml
0.3% H3BOg4/pot) raised the concentration of this component in wheat grain
up to a level comparable to the reference data.

4. In the light of such positive effects of foliar fertilization with boron as
presented in this paper, it can be stated that boron fertilisation is a treat-
ment which can mollify results of less favourable conditions for boron up-
take by plants.
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Abstract

The aim of the study was to determine how soil contamination with petrol and diesel
oil affected content of some macroelements in spring oilseed rape (Brassica napus var.
oleifera) and oat (Avena sativa L.) and to determine whether application of compost, ben-
tonite or calcium oxide could reduce the impact of petroleum-derived products on the pro-
perties of the plants. The soil formed from sandy loam was polluted with the following
amounts of petrol and diesel oil: 2.5, 5.0 and 10 cm3-kgl of soil. The results of the tests
showed that contamination of soil with diesel oil at the amount between 2.5 and 10 cm3-kgl
of soil disturbed the plants’ chemical composition. Irrespective of the application of com-
post, bentonite or calcium oxide, the highest doses of petrol and especially diesel oil decre-
ased the content of most macroelements in spring oilseed rape and, to a smaller degree, in
oat. Enrichment of soil with compost, bentonite or calcium oxide modified the content of
macroelements in plants, mainly that of sodium under the effect of bentonite. Significant
correlations, mainly between the content of some macroelements in spring oilseed rape
and oats versus plant yield and content of other elements in plants, as well as some pro-
perties of soil were observed.
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oilseed rape, oat, macroelements content.
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WPLYW KOMPOSTU, BENTONITU I TLENKU WAPNIA NA ZAWARTOSC
NIEKTORYCH MAKROSKLADNIKOW W ROSLINACH Z GLEBY
ZANIECZYSZCZONEJ BENZYNA I OLEJEM NAPEDOWYM

Abstrakt

Celem badan bylo okreslenie, w jaki sposob zanieczyszczenie gleby benzyng i olejem
napedowym wplywa na zawarto$¢ niektorych makrosktadnikow w rzepaku jarym (Brassi-
ca napus var. oleifera) i owsie (Avena sativa L.) oraz czy stosowanie kompostu, bentonitu
itlenku wapnia mogloby zmniejszyé oddziatywanie substancji ropopochodnych na badane
cechy roslin. Doswiadczenia przeprowadzono na glebie wytworzonej z piasku gliniastego
zanieczyszczonej rosnacymi dawkami benzyny i oleju napedowego: 2,5, 5,0 i 10 cm3-kgl
gleby. W wyniku badan wykazano, ze zanieczyszczenie gleby olejem napedowym w daw-
kach od 2,5 do 10 cm3-kg! gleby modyfikuje sklad chemiczny roslin. Najwyzsze dawki
benzyny i oleju napedowego, niezaleznie od aplikacji kompostu, bentonitu i tlenku wapnia,
zmniejszaly zawarto$¢ wigkszosci makrosktadnikéw w rzepaku jarym, i w mniejszym stop-
niu w owsie. Wzbogacenie gleby w kompost, bentonit i tlenek wapnia modyfikowalo za-
warto§¢ makroskladnikéw w roslinach, gltéwnie sodu, po zastosowaniu bentonitu. Istotne
korelacje stwierdzono glownie miedzy zawartoscig niektérych makroskiadnikow w rzepaku
jarym iowsie oraz plonem ro§lin i zawartoscig innych skitadnikéow w roslinach, a takze nie-
ktorymi witasciwosciami gleby.

Stowa kluczowe: zanieczyszczenie benzyng i olejem napedowym, kompost, bentonit,
tlenek wapnia, rzepak jary, owies, zawarto$¢ makrosktadnikéw.

INTRODUCTION

Petroleum-derived products, which are widespread the natural environ-
ment, contribute to soil degradation by deteriorating soil, air and water
chemical properties (WANG, BARTHA 1990, Iwanow et al. 1994, SzrompPka 1999).
Petroleum-derived products include aliphatic, oleic and naphthenic hydrocar-
bons (CHi, KrRisHNAMURTHY 1995) and water-soluble aromatic hydrocarbons,
such as benzene, toluene, xylene (KraHL et al. 2002). Polycyclic aromatic
hydrocarbons (PAH) and other aromatic hydrocarbons are hardly mobile and
can have a long-term effect on soil, plants or ground waters (SPARROW, SPAR-
Row 1988, RaciNE 1993, Wyszkowska et al. 2002a,b). Contaminants penetrat-
ing soil disturb its structure and modify its physicochemical and biological
properties (Szrompka 1999, BUDNY et al. 2002, Caravaca, RopAN 2003). Soil en-
zymatic and microbiological activities often respond to soil pollution with
petroleum products (Caravaca, RopAN 2003, Wyszkowska, Wyszkowski 2006).
Polycyclic aromatic hydrocarbons are toxic to soil organisms, plants (BubNy
et al. 2002, Wyszkowska et al. 2002a,b, DELILLE et al. 2003) and people (KRAHL
et al. 2002). These contaminants can show potential carcinogenic and muta-
genic activity (KraHL et al. 2002). The content of available macro- and micro-
element forms in soil contaminated with petroleum-derived products (Wysz-
KOWSKI, ZIOLKOWSKA 2007) and the uptake by plants of macroelements changes
so that the content of nutrients in particular plant organs fluctuates (Wysz-
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KOwWSKI et al. 2004). It is, therefore, extremely important to restore soil con-
taminated with petroleum-derived products to its original state.

The aim of the study was to determine the effect of petrol and diesel oil
soil contamination on the content of some macroelements in spring oilseed
rape (Brassica napus var. oleifera) and oat (Avena sativa L.), and to verify
whether soil amendment with compost, bentonite and calcium oxide could
reduce the impact of petroleum-derived products on the properties of the
plants.

MATERIAL AND METHODS

The experiment was conducted in a greenhouse at the University
of Warmia and Mazury in Olsztyn (Poland), in polyethylene pots (with 4 rep-
lications). Soil material used for the trials was taken from the arable hu-
mus soil horizon and, under natural conditions, it was proper Eutric Cam-
bisols soil according to WRB (1998) formed from sandy loam (1.0-0.1 mm —
50%; 0.1-0.02 mm — 39%; <0.02 mm — 8%), characterised by following prop-
erties: pH in 1 M KCl dm™ — 5.10; hydrolytic acidity (HA) — 30.8 mmol
(H*)-kgl; exchangeable cation bases — Cat*, Mg**, K* and Na* (ECB) —
88.0 mmol(+)-kg'l; cation exchange capacity (CEC) — 118.8 mmol(+)-kg1;
base saturation (BS) — 74.1%; Corg content — 8.48 g-kgl; content of availa-
ble: phosphorus — 34.1 mg-kgl; potassium — 75.2 mg-kg! and magnesium
— 36.7 mg-kgl. During the study, increasing doses of petrol and diesel oil
were applied in the following amounts: 0; 2.5; 5 and 10 cm3-kg! d.m. of
soil. Afterwards, some objects were enriched with compost (3% of the soil
mass), bentonite (2%) or calcium oxide (in a dose equal one full hydrolytic
acidity — 1.47 g Ca-kg! of soil). Compost was prepared from leaves (44%),
manure (33%) and peat (23%) composted for six months. The concentration
of macroelements in these substances (in g-kgl) was as follows: compost: P
- 232, K — 1.33, Mg — 1.47, Ca — 15.86, Na — 0.12; bentonite: P — 0.47,
K - 2.43, Mg - 5.03, Ca — 26.72, Na — 12.11; calcium oxide: P — 0.10,
K- 0.77, Mg — 2.65, Ca — 347.99, Na — 0.07. Additionally, macro- and micro-
elements were added to all pots, in the following amounts (in mg-kg! of
soil): N — 150 CO(NH,),; P — 30 (KH,PO,); K — 70 (KH,PO, + KCI); Mg — 50
(MgS0O,.7THy0); Mn — 5 (MnCly.4H,0); Mo — 5 ((NHy)gMo,;0,,-4H,0);
B - 0.33 (H3BO3). The mineral fertilizers, in the form of aqueous solution,
as well as petroleum-derived substances, compost, bentonite and calcium
oxide, wherever appropriate, were introduced to the soil once prior to sow-
ing spring oilseed rape, by mixing the substances with the whole mass of
soil per pot. The soil samples thus prepared (each 9.5 kg) were placed in
pots, where their moisture level was brought up to 60% of capillary water
capacity. Prior to mixing and placing in pots, the soil was passed through



408

a sieve with a mesh size 1 ¢cm? and mixed with mineral fertilizers and in
some objects with diesel oil as well as compost, bentonite and CaO. After-
wards, Polish cultivar Mazowiecki spring oilseed rape (Brassica napus var.
oleifera) was sown, which, after the harvest, was followed by Polish cv.
Borowik oats (Avena sativa L.). After emergence, 8 plants of spring oilseed
rape per pot and 15 plants of oats per pot were left to grow. Immediately
after harvesting the main crop in the flowering stage (58 day of vegetation)
and collecting plants samples for chemical analyses, oats as an aftercrop
was sown. The harvest of oats was carried out in the panicle stage (52 day
of vegetation), after which plant samples were collected. The experiment
was conducted in four replications. During the experiment (110 days), the
moisture of soil was maintained at the level of 60% capillary water capacity.

After the vegetation period, the aerial parts of plants were measured
for each pot and the plant material was sampled for laboratory analyses.
The samples were cut, dried and ground. Next, they were mineralised in
25 cm? of concentrated H,SO, with the addition of 1 g of d.m of hydrogen
peroxide as a catalyst. The mineralised samples were transferred into coni-
cal flasks, which were replenished with distilled water to the volume of
200 cm? and assayed for macroelement content. The plant material was an-
alysed for phosphorus by colorimetry (CaveLL 1955). Potassium, calcium and
sodium were determined with atomic emission spectroscopy (AES) (Szyszko
1982). Magnesium was assayed with atomic absorption spectroscopy (AAS)
(Szyszko 1982). Prior to plant sowing, the following soil properties were de-
termined: pH (exchangeable acidity) potentiometrically, using aqueous solu-
tion of KCI at the concentration of 1M KCl dm™ (LiryNski et al. 1976), hy-
drolytic acidity — exchangeable H* and Al*** (HA) and exchangeable cation
bases — Catt, Mg*t, K* and Nat* (ECB) with Kappen method (LiTyNsk1 et al.
1976), content of organic carbon (C ) with Tiurin method, using potassium
dichromate with diluted sulphuric acid (LiTyNskr et al. 1976), the content of
available phosphorus and potassium — by Egner-Riehm method (LiTyNskI et
al. 1976), the content of available magnesium — by Schachtschabel method
(LityNski et al. 1976). Based on the hydrolytic acidity and exchangeable cati-
on bases, the cation exchange capacity (CEC) and base saturation (BS) were
calculated from the following formulas: CEC = ECB + HA, BS = (ECB-CEC1)-100.
The results were analysed statistically using three-factor ANOVA and two-
factor analysis of variance with Statistica software (StatSoft Inc. 2005). Fi-
nally, based on the results, Pearson’s simple correlation coefficients between
the variables tested experimentally were calculated for all replications.
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RESULTS AND DISCUSSION

Effect of petrol and diesel oil on content of some macroelements
in plants

The present study has demonstrated that the actual effect of petrol and
diesel oil on the content of the macroelements in plants depended on the
degree of contamination, application of a neutralizing substance (compost,
bentonite and calcium oxide) as well as on the species of a crop, which
determined the duration of contamination impact (Tables 1-5, Figure 1). The
correlations between doses of petroleum-derived products and content of
macroelements in plants were stronger for spring oilseed rape (grown as
the main crop) than for oats (the aftercrop). The correlations were stronger

Table 1

Effect of petrol and diesel oil contamination on phosphorus (P) content in aerial parts
of plants, in (g-kg? d.m.)

Contamination
Dose of Pet petrol (Pet) diesel oil (DO)
or DO
(cm3-kg! kind of substance neutralizing effect of Pet and DO
of soib avglgil}c?;l;s compost |bentonite| CaO avgi(;}:;;ﬁs compost | bentonite | CaO
Spring oilseed rape (Brassica napus var. oleifera) — main crop
0 3.15 4.14 3.87 4.25 3.15 4.14 3.87 4.25
2.5 4.66 4.59 4.71 4.69 4.05 4.04 3.72 3.36
5.0 6.18 5.52 5.02 4.55 3.87 4.08 4.17 3.94
10.0 4.90 4.05 5.27 4.17 3.14 5.16 5.96 4.10
r 0.560 -0.057 | 0.899** | -0.346 | -0.212 | 0.854** | 0.920%* | 0.127
LSD a—0.04 **? b —0.06 **, ¢ —0.06 ** a-b —0.08 ** a-c — 0.08 **,
b-c—0.12 ** a-b-c—0.16 **
Oats (Avena sativa L.) — aftercrop
0 1.42 151 1.69 1.49 142 151 1.69 1.49
2.5 1.42 1.62 1.49 1.55 1.33 1.52 1.88 1.52
5.0 1.31 1.50 1.42 145 1.67 1.71 1.79 1.36
10.0 1.24 1.39 1.50 1.33 145 1.47 1.88 1.49
. -0.954%* | -0.737** | -0.582 -0.§Z2- 0.267 -0.086 0.668* | -0.150
LSD a-— 0'02**’,17 —0.03 #** ¢ —0.03 ** a b - 0.04 ** a-c — 0.04 **,
b-c—0.05**% a-b-c—0.07 **

LSD for: @ — petroleum substance, b — petroleum substance dose, ¢ — neutralizing substance
**gignificant at p=0.01, *significant at p=0.05, r — correlation coefficient
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Table 2

Effect of petrol and diesel oil contamination on potassium (K) content in above-ground parts
of plants, in (g-kg'd.m.)

Contamination
Dose
of Pet petrol (Pet) diesel oil (DO)
((?1232{(;_1 kind of substance neutralizing effect of Pet and DO
of soil) a‘zic;i};iocﬁfs compost | bentonite CaO av(;lgj}gglrfs compost | bentonite | CaO
Spring oilseed rape (Brassica napus var. oleifera) — main crop
0 16.60 20.07 17.99 19.66 16.60 20.07 17.99 19.66
2.5 20.49 18.47 22.63 21.42 17.15 19.55 15.88 14.93
5.0 26.50 21.25 21.85 18.92 20.50 23.78 15.67 17.87
10.0 25.20 15.90 22.01 17.38 23.36 31.73 31.46 26.80
r 0.813** | -0.665% | 0.603* | -0.772%% | 0.977** | 0.956** | 0.810%* |(0.741%*
LSD a—0.32%b—046 ** ¢ —0.46 ** a-b —0.65 **, a-c — 0.65 **, b-c — 0.92 **,
a-b-c—1.29 **
Oats (Avena sativa L.) — aftercrop
0 16.55 16.03 18.66 17.13 16.55 16.03 18.66 17.13
2.5 16.86 18.12 19.70 17.81 24.61 24.40 20.62 23.35
5.0 16.74 18.53 19.56 18.23 27.47 27.22 22.00 24.58
10.0 23.49 25.75 22.04 23.76 29.49 26.80 23.98 24.89
r 0.889%* | 0.964** | 0.954** | 0.939%* | 0.886** | 0.778%* | 0.986** |0.787**
LSD a—0.38 % b —-0.53 % ¢—053% ab-0.75** a-c—0.75 %, b-c — 1.07 **,
a-b-c—151%*

LSD for: a — petroleum substance, b — petroleum substance dose, ¢ — neutralizing substance
**gignificant at p=0.01, *significant at p=0.05, r — correlation coefficient

in the objects with petrol than in the variants with diesel oil. In the first
series of experiments (without compost, bentonite or CaO), petrol stimulat-
ed the content of calcium (r=0.877) and magnesium (r=0.969) in aerial parts
of spring oilseed rape (main crop). In the soil samples mixed with 10 cm3
petrol-kgl, calcium content in spring oilseed rape was 118% and magnesi-
um content was 37% higher than in the non-contaminated objects. Identical
effects were produced by 5 cm3 petrol-kgl of soil on the content of phos-
phorus (r=0.560), potassium (r=0.813) and sodium (r=0.813). For these ob-
jects, the increase reached 96, 60 and 185%, respectively, compared to the
control variant (without petrol). The highest dose of petrol (10 cm3-kg! of
soil) resulted in a decrease in the content of phosphorus, potassium and
sodium in spring oilseed rape. Diesel oil (without any organic substance or
CaO added) stimulated only the potassium content (r=0.977) in the aerial
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Table 3
Effect of petrol and diesel oil contamination on sodium (Na) content in aerial parts of plants
(g-kgldm.)
Contamination
Dose - -
of Pet petrol (Pet) diesel oil (DO)
or DO kind of substance neutralizing effect of Pet and DO
(cm3~kg'1
of soil) without . without .
additions compost | bentonite CaO additions compost | bentonite CaO
Spring oilseed rape (Brassica napus var. oleifera) — main crop
0 1.14 1.47 6.01 1.62 1.14 1.47 6.01 1.62
2.5 2.01 1.28 10.38 1.47 2.11 2.53 6.25 1.23
5.0 3.25 2.51 10.39 1.56 1.22 1.40 5.78 091
10.0 2.98 2.51 12.43 2.06 1.15 0.79 13.63 0.70
r 0.813*%* | 0.811%* | 0.885%* | 0.809** | -0.284 | -0.633* | 0.865%* | -0.951%*
a—0.06 *¥ b —0.09 ** ¢ —0.09 **, a-b - 0.12 ¥* a- ¢ — 0.12 ** p-c — 0.18 **,
LSD .
a-b-c—0.25**
Oats (Avena sativa L.) — aftercrop
0 7.67 7.67 17.26 10.41 7.67 7.67 17.26 10.41
2.5 491 745 16.03 8.96 2.56 3.61 17.29 3,51
5.0 6.18 751 16.20 7.69 1.60 1.76 17.47 1.49
10.0 0.77 5.69 14.75 4.05 1.51 2.42 14.86 5.22
r -0.910%* | -0.907%* | -0.946™* | -0.997** | -0.769%* | -0.755%* | -0.843** | -0.446
LSD |2~ 0.14 ** b —0.20 ** ¢ —0.20 **, a-b — 0.28 ** a-c — 0.28 ** b- ¢ — 0.39 **,
a- b-c—0.56 **

LSD for: a — petroleum substance, b — petroleum substance dose, ¢ — neutralizing substance
**gignificant at p=0.01, *significant at p=0.05, r — correlation coefficient

parts of spring oilseed rape, where the increase was 41%. Similar correla-
tions were found for phosphorus (2.5 cm3-kg™! of soil), sodium (2.5 cm3-kg™!
of soil), calcium (5 cm?-kg! of soil) and magnesium (5 cm3-kg! of soil).
This effect was particularly strong, which was evidenced by the increase in
calcium (105%) and magnesium (103%). The application of 10 cm3 of diesel
oil per 1 kg of soil caused considerable decrease in phosphorus, sodium,
calcium and magnesium, particularly in aerial parts of spring oilseed rape.

The effect of petroleum-derived products on the content of macroele-
ments in aerial parts of oats (aftercrop) was weaker (Tables 1-4). In the first
(control) series, the content of phosphorus, sodium and magnesium in aerial
parts of oats decreased by 13% (r=-0.954), 90% (r=-0.910) and 22% (r=-0.944),
respectively, in objects with petrol The content of sodium, calcium and mag-
nesium content decreased by nearly 80% (r=-0.769), 21% (r=-0.663) and 14%
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Table 4

Effect of petrol and diesel oil contamination on calcium (Ca) content in above-ground parts
of plants (g-kg?ld.m.)

Contamination
Dose - -
of Pet petrol (Pet) diesel oil (DO)
or DO kind of substance neutralizing effect of Pet and DO
(cm3~kg'1
of soil) without . without .
additions compost | bentonite CaO additions compost | bentonite | CaO
Spring oilseed rape (Brassica napus var. oleifera) — main crop
0 8.47 9.71 9.48 12.37 8.47 9.71 9.48 12.37
2.5 8.70 10.85 11.70 13.03 15.08 16.31 12.05 12.77
5.0 9.92 11.59 11.45 10.89 17.38 17.24 15.87 16.27
10.0 9.96 11.26 12.73 12.78 10.61 18.9 15.58 17.34
r 0.877** | 0.739%* | 0.882%* 0.012 0.100 0.853** | 0.857** | 0.930%*
LSD |2- 0.23 ** b —0.33 **, ¢ — 0.33 **, a-b — 0.46 **, a-c — 0.46 ** b-c — 0.65 **,
a-b-c—0.92 **
Oats (Avena sativa L.) — aftercrop
0 5.54 4.69 4.74 6.22 5.54 4.69 4.74 6.22
2.5 548 5.16 4.16 6.87 5.34 5.65 4.32 6.43
5.0 5.73 5.85 4.14 6.22 6.01 6.63 4.09 6.51
10.0 5.65 4.69 3.85 6.69 4.40 5.14 3.87 6.21
r 0.594 -0.022 | -0.899%* 0.336 -0.663* 0.182 -0.947*%*% | -0.139
LSD |®- 1S b—-0.24 % ¢—-024 % a-b—-0.34* a-c—0.34 ¥, b-c —0.68 **,
a-b-c—ns.

LSD for: a — petroleum substance, b — petroleum substance dose, ¢ — neutralizing substance
**gignificant at p=0.01, *significant at p=0.05, r — correlation coefficient

(r=-0.577) in oats cultivated in soil contaminated with 10 cm? of diesel oil
per 1 kg of soil. The highest petrol and diesel oil doses increased only po-
tassium in oat, whereas the middle diesel oil dose (5 cm3-kg! of soil) de-
pressed only the content of phosphorus. Further increases in petrol and
diesel oil doses had a negative effect on the content of phosphorus and po-
tassium in oats.

The study presented in this paper has revealed some strong and signifi-
cant correlations between the content of macroelements in spring oilseed
rape and oats versus plant yield and content of other elements in plants, as
well as some properties of soil (Table 6). Such relationships are confirmed
especially by correlation coefficients calculated between the content of po-
tassium, sodium and calcium and other elements in plants and properties
of soil.
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Table 5

Effect of petrol and diesel oil contamination on magnesium (Mg) content in aerial parts
of plants (g-kg! d.m.)

Contamination
Dose - -
of Pet petrol (Pet) diesel oil (DO)
or DO kind of substance neutralizing effect of Pet and DO
(crn3~kg'1
of soil) without . without .
additions compost | bentonite CaO additions compost | bentonite | CaO
Spring oilseed rape (Brassica napus var. oleifera) — main crop
0 2.32 2.64 2.17 3.14 2.32 2.64 2.17 3.14
2.5 2.60 2.55 2.92 2.69 448 415 2.73 2.64
5.0 2.60 2.93 3.06 2.53 4.70 4.27 3.23 2.95
10.0 3.17 2.83 3.28 2.54 3.47 4.84 4.19 4.00
r 0.969%* | 0.639*% | 0.874%*% | -0.795%* 0.280 0.878%* | 0.999%* | 0.758%*
LSD |2~ 0.04 ** b — 0.06 ** ¢ —0.06 ** a-b — 0.08 **, a-c —0.08 **, b-c — 0.12 **,
a‘b-c—0.16 **
Oats (Avena sativa L.) — aftercrop
0 3.69 2.95 2.76 2.93 3.69 2.95 2.76 2.93
2.5 3.45 3.25 2.88 3.48 3.18 3.58 2.73 2.98
5.0 3.50 391 2.88 3.23 3.60 3.52 3.11 2.86
10.0 2.86 2.73 2.73 3.10 3.17 2.97 2.86 2.97
r -0.944*%* | -0.183 -0.315 0.038 -0.577 -0.163 0.379 0.125
LSD |- 1S b —0.07 # ¢ —0.07 **,a-b —0.11 ** a-c — 0.11 **, b-¢c — 0.15 **,
a-b-c—0.21%*

LSD for: a — petroleum substance, b — petroleum substance dose, ¢ — neutralizing substance
**gignificant at p=0.01, *significant at p=0.05, n.s. — non-significant, r — correlation coefficient

These results are confirmed by the literature on the effect of petrole-
um-derived compounds on plants (Iwanow et al. 1994, Amapi et al. 1996, Wysz-
KowsKI et al. 2004). The negative effect of such pollutants is a product of the
behaviour of petroleum-derived compounds in soil, where they block air spac-
es that allow air and water to enter soil layers, which causes soil lumping
and deteriorates physical, chemical and biological properties of soil. The or-
ganic carbon to nitrogen ratio in soil contaminated with petroleum-derived
products is typically unfavorable. Therefore, reactions of mineral and organ-
ic nitrogen compounds in soil are inhibited. The rate of ammonification and
nitrification decreases (IwaNnow et al. 1994, AMADI et al. 1996) while bacteria
and fungi develop intensively and consume macroelements. The content of
plant available macroelements in soil decreases (Xu, JounsoN 1997). Such
a development has been confirmed in the present study and in earlier re-
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Fig. 1. Comparison of the effect of a neutralizing substances on the content of some

macroelements of plants, in g-kg! d.m. (average for series):

0 — without substances, C — with compost, B — with bentonite, Ca — with calcium oxide
LSD for: a — kind of a petroleum substances, b — addition of a neutralizing substances

“significant for p=0.01, “significant for p=0.05, n.s. non-significant
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search (Wyszkowski, WyszkowskAa 2005), in which limited content of macroe-
lements in oats from soil contaminated by high doses of diesel oil was dem-
onstrated. Another experiment reported by Wyszkowski and WyszKkowska
(2005) indicates correlation between the enzymatic activity of soil and the
content of nitrogen and phosphorus in plants. However, this correlation was
strongly modified by the presence of diesel oil, nitrogen and sawdust in soil.

The effect of petrol and diesel oil on macroelements in plants is deter-
mined by many factors, of which plant variety seems to be the most impor-
tant. In the study by DmvitrRov and Mitowa (1998) only 3 out of 7 experimen-
tal plant species contained modified levels of some macroelements when
cultivated on diesel oil-contaminated soil in comparison to uncontaminated
soil. According to Wyszkowskl and Wyszkowska (2005), content of most mac-
roelements in aerial parts of maize on diesel oil-contaminated soil is likely
to increase.

Role of compost, bentonite and calcium oxide in modification
of the influence petroleum-derived products on plants’ chemical com-
position

A very important factor which modified content of macroelements in
plants was the addition of compost, bentonite or calcium oxide (Tables 1-4,
Figure 1). On average, irrespective of the degree of soil contamination, all
components introduced to soil in order to alleviate possible negative effects
of petroleum-derived products significantly modified the content of macroe-
lements in aerial parts of both plants. Obviously, the effect of the neutraliz-
ing substances varied depending on the dose of petrol and diesel oil added
to soil. The effect of a neutralizing substance (compost, bentonite and calci-
um oxide) on the content of the majority of macroelements was stronger in
spring oilseed rape than in oats. Compost, bentonite or CaO more strongly
contributed to increasing the content of sodium, calcium and magnesium
than phosphorus and potassium in plants. Bentonite was the effective in
increasing sodium in aerial parts of both plants, especially spring oilseed
rape. In the bentonite-treated series, the highest increase in sodium con-
tent in spring oilseed rape (ca 9-fold in petrol objects and ca 7-fold in diesel
oil objects) was observed in either uncontaminated objects or polluted with
the highest doses of petrol and diesel oil. Calcium oxide and, to a lesser
degree bentonite (only in spring oilseed rape), increased the content of calci-
um in plants. As for magnesium, the correlation was reverse. The results
obtained after the application of compost were less consistent.

The application of compost and other substances to soil usually have a
positive effect on soil properties, plants’ growth and chemical composition
(VoutLramoz, MiLke 2001). Compact soils rich in humus are far more tolerant
to degradation than sandy soils (Wyszkowski et al. 2004). Organic substance
improves absorbance of petroleum products and has influence on the biolog-
ical life of soil (MaracHOWSKA-JUTSZ et al. 1997) and consequently on plants.



417

Liming improves properties of soil. Bentonite added to soil forms a compact
barrier, which prevents petroleum products from reaching deeper horizons
of the soil profile. Moreover, content of elements available to plants rise,
which is of importance for plant growth and development (Wyszkowski et al.
2004, Wyszkowski, Wyszgowska 2005).

CONCLUSIONS

1. Irrespective of the application of compost, bentonite or calcium oxide,
the highest doses of petrol and especially diesel oil decreased the content of
most macroelements in spring oilseed rape and, to a smaller degree, in
oats.

2. Enrichment of soil contaminated with petroleum-derived products with
organic matter, bentonite or calcium oxide improved chemical composition
of plants, which was demonstrated as increased content of some macroele-
ments in plants. These neutralizing substances added to soil increased its
tolerance to eco-toxic effects of petrol and diesel oil.

3. Enrichment of soil with compost, bentonite or calcium oxide modified
the content of macroelements in plant, mainly sodium when bentonite was
used.

4. Some strong and significant correlations between the content of mac-
roelements in spring oilseed rape and oats versus plants yield and content
other elements in plants, as well as some properties of soil were observed.
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polskim: TYTUL PRACY, Abstrakt, (tekst streszczenia), Stowa kluczowe: (maks 10
stéw). WSTEP, MATERIAL I METODY, WYNIKI I ICH OMOWIENIE, WNIOSKI,
PISMIENNICTWO, U dotu pierwszej strony nalezy podaé tytul naukowy lub zawodowy,
imie i nazwisko autora oraz dokladny adres przeznaczony do korespondencji w jezyku
angielskim.

Praca powinna by¢ przygotowana wg zasad pisowni polskiej. Jednostki miar nalezy po-
dawaé wg uktadu SI np.: mmol(+) kg'l; kg hal; mol dm3; g kg'l; mg kgl (obowiazuja
formy pierwiastkowe).

W przypadku stosowania skrétu po raz pierwszy, nalezy podaé¢ go w nawiasie po pelnej
nazwie.

Tabele i rysunki nalezy zalaczy¢ w oddzielnych plikach. U géry, po prawej stronie tabeli
nalezy napisa¢ Tabela i numer cyfrg arabskg, réwniez w jezyku angielskim, nastepnie
tytut tabeli w jezyku polskim i angielskim wyréwnany do $rodka akapitu. Ewentualne
objasnienia pod tabela oraz opisy tabel winny byé podane w jezyku polskim i angiel-
skim. Wartosci liczbowe powinny byé podane jako zapis zlozony z 5 znakéw pisarskich
(np. 346,5; 46,53; 6,534; 0,653).

U dotu rysunku, po lewej stronie nalezy napisa¢ Rys. i numer cyfra arabskg oraz um-
iesci¢ podpisy i ewentualne objasnienia w jezyku polskim i angielskim.

PiSmiennictwo nalezy uszeregowac alfabetycznie bez numerowania w uktadzie: Nazwisko
Inicgar Imienta (KaPITALIKI), rok wydania. Tytut pracy (kursywa). Obowigzujacy skrot cza-
sopisma, tom (zeszyt): strony od-do. np. Kowarska A., Kowarskr J. 2002. Zwarto$¢ magne-
zu w ziemniakach. Przem. Spoz., 7(3): 23-27. Tytuly publikacji wylacznie w jezyku an-
gielskim z podaniem oryginalnego jezyka publikacji np. (in Polish).

W JE mozna takze cytowal prace zamieszczone w czasopismach elektronicznych wg
schematu: Nazwisko Inicsar Imienia (Kapitavuiki), rok wydania. Tytul pracy (kursywa).
Obowiazujacy skrot czasopisma internetowego oraz pelny adres strony internetowej.
np. ANTONKIEWICZ J., JasiEwicz C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link "http:/www" http:/www.ejpau.media.pl/series/volume5/issuel/environment/art-
01.html

Cytujac piSmiennictwo w tekscie podajemy w nawiasie nazwisko autora i roku wyda-
nia pracy (KowaLskr 1992). W przypadku cytowania dwoch autoréw piszemy ich nazwis-
ka rozdzielone przecinkiem i rok (Kowarski, Kowarska 1993). Jezeli wystepuje wieksza
liczba nazwisk podajemy pierwszego autora z dodatkiem i in., np.: (KOwALSKI i in. 1994).
Cytujac jednoczesnie kilka pozycji nalezy je uszeregowac od najstarszej do najnowszej,
np.: (Nowak 1978, Nowak i in. 1990, Nowak, KowaLska 2001).
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13. Do artykulu nalezy dotaczyé pismo przewodnie Kierownika Zaktadu z jego zgodg na
druk oraz oswiadczenie Autora (-6w), ze praca nie zostala i nie zostanie opublikowana
w innym czasopi$mie bez zgody Redakcji JE.

14. Dwie kopie wydruku komputerowego pracy (Times New Roman 12 pkt. przy odstepie
akapitu 1,5 - bez dyskietki) nalezy przesta¢ na adres Sekretarzy Redakcji:

dr hab. Jadwiga Wierzbowska
Uniwersytet Warminsko-Mazurski w Olsztynie
Katedra Chemii Rolnej i Ochrony Srodowiska
ul. Oczapowskiego 8, 10-744 Olsztyn-Kortowo
jadwiga.wierzbowska@uwm.edu.pl

dr Katarzyna Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
Pl. Lodzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

15. Redakcja zastrzega sobie prawo dokonania poprawek i skrotow. Wszelkie zasadnicze
zmiany tekstu bedg uzgadniane z Autorami.

16. Po recenzji Autor zobowiazany jest przesta¢ w 2 egzemplarzach poprawiony artykul wraz
z no$nikiem elektronicznym (dyskietka, CD lub e-mailem), przygotowany w dowolnym
edytorze tekstu, pracujacym w Srodowisku Windows.

Redakcja Journal of Elementology uprzejmie informuje.

Koszt wydrukowania maszynopisu (wraz z rysunkami, fotografiami i tabelami) o objetosci
nieprzekraczajacej 6 stron formatu A4, sporzadzonego wg nastepujacych zasad:

— czcionka: Times New Roman, 12 pkt, odstep 1,5;
— 34 wiersze na 1 stronie;
— ok. 2400 znakow (bez spacji) na 1 stronie;
— rysunki i fotografie czarno-biate;
wynosi 250 PLN + VAT.

Koszt druku kazdej dodatkowej strony (wraz z rysunkami, fotografiami i tabelami) wynosi
35 PLN + VAT.

Koszt druku 1 rysunku lub fotografii w kolorze wynosi 150 PLN + VAT

Uwaga:

Z optaty za druk pracy zwolnieni zostang lekarze niezatrudnieni w instytutach naukowych,
wyzszych uczelniach i innych placéwkach badawczych.

Komitet Redakcyjny

Warunki prenumeraty czasopisma

Czlonkowie indywidualni PTMag - 40 PLN + 0% VAT rocznie

Osoby fizyczne 50 PLN + 0% VAT rocznie

Biblioteki i instytucje 150 PLN + 0% VAT rocznie za 1 komplet (4) egzemplarze + 10
PLN za przesytke

Whptaty prosimy kierowaé na konto UWM w Olsztynie:
PKO S.A. I 0O/Olsztyn, 32124015901111000014525618
koniecznie z dopiskiem "841-2202-1121"
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10.

11.

12.

Guidelines for Authors ,,Journal of Elementology”

Journal of Elementology (a quarterly) publishes original scientific or clinical research
as well as reviews concerning bioelements and related issues.

Journal of Elementology can publish sponsored articles, compliant with the criteria
binding scientific papers.
Journal of Elementology publishes advertisements.

Each article should be submitted in duplicate. An original paper should not exceed 10
standard pages (18 000 signs). A review paper should not exceed 15 pages
(27 000 signs).

The paper should be laid out as follows: TITLE OF THE ARTICLE, name and sur-
name of the author(s), the name of the scientific entity, from which the pa-
per originates, INTRODUCTION, MAETRIAL AND METHODS, RESULTS AND
DISCUSSION, CONCLUSIONS, REFERENCES, abstract in the English and Polish
languages, min. 250 words. Summary should contain: introduction (shortly), aim, re-
sults and conclusions. Prior to the abstract in the English language the following
should be given: name and surname of the author(s), TITLE, Key words (max 10
words), Abstract, TITLE, Key words and Abstract in Polish. At the bottom of page
one the following should be given: scientific or professional title of the author, name
and surname of the author, detailed address for correspondence in the English and
Polish languages.

The paper should be prepared according to the linguistic norms of the Polish and En-
glish language. Units of measurements should be given in the SI units, for example
mmol(+)-kgl; kg-hal; mol-dm3; g-kgl; mg-kg! (elemental forms should be used).
In the event of using an abbreviation, it should first be given in brackets after the
full name.

Tables and figures should be attached as separate files. At the top, to the right of
atable the following should be written: Table and table number in Arabic figures (in
English and Polish), in the next lines the title of the table in English and Polish ad-
justed to the centre of the paragraph. Any possible explanation of the designations
placed under the table as well as a description of the table should be given in English
and Polish. Numerical values should consist of five signs (e.g. 346.5, 46.53, 6.534, 0.653).

Under a figure, on the left-hand side, the following should be written: Fig. and num-
ber in Arabic figures, description and possible explanation in Polish and English.

References should be ordered alphabetically but not numbered. They should be for-
matted as follows: Surname First Name Initial (capital letter) year of publication, Title
of the paper (italics). The official abbreviated title of the journal, volume (issue): pag-
es from - to. e.g. Kowarska A., Kowarskr J. 2002. Zawarto$é magnezu w ziemniakach.
Przem. Spoz., 7(3): 23-27.

It is allowed to cite papers published in electronic journals formatted as follows: Sur-
name First Name Initial (capital letters) year of publication. Title of the paper (italics).
The official abbreviated title of the electronic journal and full address of the website.
e.g. ANTONKIEWICZ J., JasiEwicz C. 2002. The use of plants accumulating heavy metals for
detoxication of chemically polluted soils. Electr. J. Pol. Agric. Univ., 5(1): 1-13. hyper-
link ,http:/www.ejpau.pl/series/volume5/issuel/environment/art-01.html” http://
www.ejpau.pl/series/volume5/issuel/environment/art-01.html

In the text of the paper a reference should be quoted as follows: the author’s name
and year of publication in brackets, e.g. (KowaLskr 1992). When citing two authors,
their surnames should be separated with a comma, e.g. (KowaLskr, Kowarska 1993). If
there are more than two authors, the first author’s name should be given followed by
et al., e.g. (KowaLskr et al. 1994). When citing several papers, these should be ordered
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13.

14.

15.

16.

chronologically from the oldest to the most recent one, e.g. (Nowak 1978, Nowak et al.
1990, Nowak, KowaLska 2001).

A paper submitted for publication should be accompanied by a cover letter from the
head of the respective institute who agrees for the publication of the paper and a sta-
tement by the author(s) confirming that the paper has not been and will not be publi-
shed elsewhere without consent of the Editors of the Journal of Elementology.

Two computer printed copies of the manuscript (Times New Roman 12 fonts,
1.5-spaced, without a diskette) should be submitted to the Editor’s Secretary:

dr hab. Jadwiga Wierzbowska
University of Warmia and Mazury in Olsztyn
ul. Michala Oczapowskiego 8, 10-719 Olsztyn
jawierz@uwm.edu.pl

dr Katarzyna Glinska-Lewczuk
University of Warmia and Mazury in Olsztyn
pl. Lédzki 2, 10-759 Olsztyn, Poland
kaga@uwm.edu.pl

The Editors reserve the right to correct and shorten the paper. Any major changes in
the text will be discussed with the Author(s).

After the paper has been reviewed and accepted for publication, the Author is obliged
to sent the corrected version of the article together with the diskette. The electronic
version can be prepared in any word editor which is compatible with Windows soft-
ware.



